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Claim of Priority: 

[0001 ] This application claims priority from provisional application entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
ELECTRODE," Application No. 60/341 ,5 1 8, filed SeptemberB, 2001 under 35 U.S.C. 1 19(e), 

1 5 which application is incorporated herein by reference. This application claims priority from 
provisional application entitled "FOCUS ELECTRODE, ELECTRO-KINETIC AIR 
TRANSPORTER-CONDITIONER DEVICES," Application No. 60/306,479, filed July 18, 
2001 under 35 U.S.C. 1 19(e), which application is incorporated herein by reference. This 
application claims priority from and is a continuation-in-part of U.S. Patent Application No. 

20 09/924,624 filed August 8, 2001 which is a continuation ofU.S. Patent No. 09/564,960 filed May 
4, 2000, which is a continuation-in-part of U.S. Patent Application No. 09/186,471 filed 
November5, 1998, now U.S. Patent No. 6,176,977. All ofthe above are incorporated herein 
by reference. 

25 Cross-Reference to Related Applications: 

[0002] 1. U.S. Patent Application No. 60/341,518, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN 
UPSTREAM FOCUS ELECTRODE"; SHPR-01041US6 

[0003] 2. U.S. Patent Application No. 60/341 ,433, filed December 13, 2001 , 
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. entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
INTERSTITIAL ELECTRODE"; SHPR-01041USF 

[0004] 3. U.S. Patent Application No. 60/341, 592, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED COLLECTOR ELECTRODE"; SHPR-01041USG 
[0005J 4. U.S. Patent Application No. 60/341,320, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED EMITTER ELECTRODE"; SHPR-01041USH 

[0006] 5. U.S. Patent Application No. 60/341,179, filed December 13,2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US1 
[0007J 6. U.S. Patent Application No. 60/340,702, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED HOUSING CONFIGURATION AND ENHANCED ANTI- 
15 MICROORGANISM CAPABILITY"; SHPR-01028US2 

[0008] 7. U.S. Patent Application No. 60/341 ,377, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US3 
20 [0009] 8. U.S. Patent Application No. 10/023,197, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICE WITH 
ENHANCED CLEANING FEATURES"; SHPR-01041USI 

[0010] 9. U.S. Patent Application No. 1 0/023,460, filed December 13, 2001 , 

entitled "ELECTRO-KINETIC AIR TRANSPORTER CONDITIONER WITH PIN-RING 
25 ELECTRODE CONFIGURATION"; SHPR-01041USJ 

[001 1 ] 1 0. U.S. Patent Application No. 60/340,288, filed December 1 3, 2001 , entitled 
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"DUAL INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER"; 
SHPR-01041US7 

[0012] 11. U.S . Patent Application No. 60/341 , 1 76, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER WITH NON-EQUIDISTANT 
5 COLLECTOR ELECTRODES"; SHPR-01041US8 

[0013J 1 2. U.S. Patent Application No. 60/340,462, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A 
ENHANCED COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE 
MATTER"; SHPR-01041US9 
1 0 [001 4] 1 3. U.S. Patent Application No. 1 0/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN UPSTREAM 
FOCUS ELECTRODE"; SHPR-01041USL 

100151 14. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH INTERSTITIAL 
15 ELECTRODE"; SHPR-0 1 04 1 USN 

[0016J 15. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED 
COLLECTOR ELECTRODE"; SHPR-01041USO 

[0017] 16. U.S. Patent Application No. 1 0/xxxpcxx, filed herewith, entitled "ELECTRO- 
20 KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED EMITTER 
ELECTRODE"; SHPR-0 1 04 1USP 

[001 8] 1 7. U.S. Patent Application No. 1 0/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER WITH NON-EQUIDISTANT 
COLLECTOR ELECTRODES"; SHPR-0 1 04 1USQ and 
25 [0019] 18. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
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ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US4 

10020] 19. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
HOUSING CONFIGURATION AND ENHANCED ANTI-MICROORGANISM 
5 CAPABILITY"; SHPR-01028US5 

10021] 20. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US6 
10 [0022] 21. U.S. Patent AppbcationNo.l0/xxx,xx^ 

AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER"; SHPR- 
01041USRand 

[0023] 22. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A ENHANCED 
15 COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE MATTER". 
SHPR-01041USS. 

[0024] All of the above are incorporated herein by reference. 
Field of the Invention: 

20 [0025] Thepresentinventionrelates generally to devices that produce an electro-kinetic flow 
of air from which particulate matter is substantially removed. 

Background of the Invention: 

[0026] The use of an electric motor to rotate a fan blade to create an airflow has long been 
25 known in the art. Unfortunately, such fans produce substantial noise, and can present a hazard to 
children who maybe tempted to poke a finger or a pencil into the moving fan blade. Although such 
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fenscanproducesubsto^^ 

is required to operate the motor, and essentially no conditioning of the flowing air occurs. 
[0027] Itis knowntoprovidesuchfanswithaHEPA-coinpliantfiltereleinenttoremove 
particulatematter larger than perhaps 0.3 urn. Unfortunately, the resistance to airflow presented 

5 b y thefllter elementmayrequiredoublingtheelectricmotorsizetomaintainadesiredlevelof 
airflow.Further,HEPA-co m pliantfilterelementsareexpensive,andcanrepresentasubstantial 
portion of the sale price of a HEPA-compliant filter-fan unit. While such filter-fan units can 
condition theairbyremovinglargeparticles, particulatematter small enough to pass through the 
filter element is not removed, including bacteria, for example. 
10 [0028] Itisalsoknownintoearttoproduceana^^ 

whichelectricalpowerisconvertedintoaflowofairwithoutmechanicallymovingcomponents. 
One such system is described in U.S. PatentNo. 4,789,801 to Lee (1988), depicted herein in 
simplified form as Figs. lAand IB and which patent is incorporated herein by reference. System 
lOincludesananayoffirstfem^^ 

1 5 symmetrically from an array of second ("collector") electrodes or conductive surfaces 30. The 
positivetenninalofageneratorsuchas.for example, pulse generator 40 that outputs a train ofhigh 
voltage pulses (e.g., 0 to perhaps + 5 KV) is coupled to the first array, and the negative pulse 
generator terminal is coupled to the second array in this example. It is to beunderstood that the 
arrays depicted include multiple electrodes, but that an array can include or be replaced by a single 
20 electrode. 

[0029] The high voltage pulses ionize the air between the arrays, and create an airflow 50 

from foe liitfan^ytowara^esecon^ 

eOintheairisentrainedwito^ 

Muchoftheparticulatematteriselectrostatically attracted to the surfaces ofthe second electrodes, 
25 whereitremams^usconcntionmgmeflowofafrexiting 10. Further, the high voltage field 
present between the electrode arrays can release ozone into the ambient environment, which can 
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eliminate odors that are entrained in the airflow. 

[0030] In the particular embodiment of Fig. 1 A, first electrodes 20 are circular in cross- 
section, having a diameter of about 0.003" (0.08 mm), whereas the second electrodes 30 are 
substantially larger in area and define a "teardrop" shape in cross-section. The ratio of cross- 
5 sectional radii of curvature between the bulbous front nose of the second electrode and the first 
electrodes exceeds 10:1. AsshowninFig. 1 A, the bulbous front surfaces ofthe second electrodes 
face the first electrodes, and the somewhat "sharp" trailing edges face the exit direction ofthe 
airflow. The "sharp" trailing edges on the second electrodes promote good electrostatic attachment 
of particulate matter entrained in the airflow. 

10 [0031] In another particular embodiment shown herein as Fig. IB, second electrodes 30 are 
symmetrical and elongated in cross-section. The elongated trailing edges on the second electrodes 
provide increased area upon which particulate matter entrained in the airflow can attach. 
[0032] While the electrostatic techniques disclosed by the '801 patent are advantageous 
over conventional electric fan-filter units, further increased air transport-conditioning efficiency 

1 5 would be advantageous. 



Summary of the Invention: 

[0033] The present invention provides such an apparatus. 

[0034] One aspect ofthe present invention is to provide an electro-kinetic air transporter- 
20 conditioner that produces an enhanced airflow velocity, enhanced particle collection, and an 
appropriate amount of ozone production. 

[0035] An embodiment includes one or more focus or leading electrodes. Each focus or 
leading electrode maybe located upstream to, or even with, each first electrode. The focus or 
leading electrodes assists in controlling the flow of ionized particles within the airflow. The focus 
15 or leading electrode shapes the electrostatic field generated by each first electrode within the 
electrode assembly. 
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{0036] Another embcKiiment includes o Each trailing electrode 

can be located downstream of a second electrode. The trailing electrode can assist in neutralizing 
the amount of ions exiting this embodiment of the invention, and can Anther assist in collecting 
ionized particles. The trailing electrode can alternatively enhance the flow of negative ions from the 
5 transporter-conditioner. Additionally, the trailing electrodes can improve the laminar flow properties 
of the airflow exiting the air transporter-conditioner. 

[0037] Another embodiment of the invention includes at least one interstitial electrode 
located between two second electrodes. The interstitial electrode can also assist in the collection 
of particulate matter by the second electrodes. 
1 0 [0038] In yet another embodiment of the invention, one or more of the second electrodes 
are formed to have an enhanced protective end or trailing surface which assists in the operation and 
cleaning of the embodiment. 

[0039] In still a further embodiment of the invention, one or more first electrode are of 
enhanced length in order to increase the emissivity of the first electrode. 
1 5 [0040] Other objects, aspects, features and advantages of the invention will appear from the 
following description in which the preferred embodiments have been set forth in detail, in 
conjunction with the accompanying drawings and also from the following claim. 

Brief Description of the Drawings: 
20 [0041] FIGS. 1 A- IB; Fig. 1 A is apian, cross-sectional view, of a first embodiment of an 
electro-kinetic air transporter-conditioner system according to the prior art; Fig. I B is a plan, 
cross-sectional view, of a second embodiment of an electro-kinetic air transporter-conditioner 
system according to the prior art; 

[0042] FIGS . 2 A-2B; Fig. 2 A is a perspective view of a typical embodiment of the housing 
15 of an electro-kinetic air transporter-conditioner; Fig. 2B is a perspective view of the embodiment 
shown in Fig. 2A illustrating the removable second electrodes; 
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[0043] FIG. 3 is an electrical block diagram of the present invention; 
[0044] FIGS. 4A-4F; Fig. 4A is a perspective view showing an embodiment of an electrode 
assembly according to the present invention; Fig. 4B is a plan view of the embodiment illustrated 
in Fig. 4A; Fig. 4C is a perspective view showing another embodiment of an electrode assembly 
5 according to the present invention; Fig. 4D is a plan view illustrating a modified version of the 
embodiment of Fig. 4C; Fig. 4E is a perspective view showing yet another embodiment of an 
electrode assembly according to thepresent invention; Fig. 4F is a plan view of the embodiment 
of Fig. 4E; 

[0045] FIGS. 5A-5B; Fig. 5A is a perspective view of still another embodiment of the 
1 0 present invention illustrating the leading or focus electrode added to the embodiment shown in Fig. 
4A; Fig. 5B is apian view of a modified embodiment of thepresent invention similar to that shown 
in Fig. 5A illustrating a protective end on each second electrode; 

[0046] FIGS. 6A-6D; Fig. 6A is aperspective view of a further embodiment of the present 
invention, illustrating a leading or focus electrode added to the embodiment shown in Fig. 4C; Fig. 
15 6B is aperspectiveviewofamodifiedembodimentofthepresentinventionasshowninFig. 6A; 
Fig. 6C is aperspective view of a modified embodiment of the present invention as shown in Fig. 
6B; Fig. 6D is a modified embodiment of the present invention, illustrating a leading or focus 
electrode added to the embodiment in Fig. 4D; 

[0047] FIGS. 7A-7C;Fig. 7A is a perspective view of another embodiment of the present 
20 invention, illustrating a leading or focus electrode added to the embodiment shown in Fig. 4E; Fig. 
7B is aperspective view of an embodiment modified from that shown in Fig. 7A; Fig. 7C is a 
perspective view of an embodiment modified from that shown in Fig. 7B; 
[0048] FIGS. 8A-8C; Fig. 8A is a perspective view of still a further embodiment of the 
present invention, illustrating another embodiment of the leading or focus electrode; Fig. 8B is a 
25 perspective view of an embodiment modified from that shown in Fig. 5A; Fig. 8C is aperspective 
view of yet another embodiment; 
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10049] FIGS. 9A-9C; Fig. 9A is perspective view of a further embodiment of the present 
invention; Fig. 9B is a partial view of an embodiment modified from that shown in Fig. 1 OA; Fig. 
9C is another embodiment modified from that shown in Fig. 9A; 

[0050] FIGS. 1 OA- 1 OD; Fig. 1 OA is a perspective view of another embodiment of the 
5 present invention, illustrating a trailing electrode added to the embodiment in Fig. 7A; Fig. 10B is 
apian view ofthe embodiment shown inFig. 10A;Fig. 1 OC is a plan view of a further embodiment 
of the present invention; Fig. 1 OD is a plan view of another embodiment ofthe present invention 
similar to Fig. 10C. 

|0051] FIGS. 1 1A-1 IF; Fig. 1 1 A is a plan view of still another embodiment ofthe present 
1 0 invention; Fig. 1 1 B is a plan view of an embodiment modified from that shown in Fig. 1 1 A; Fig. 
1 1C is a plan view ofa further embodiment ofthe present invention; Fig. 1 ID is a plan view of an 
embodimentmodified from that shown inFig. 1 lQFig. 1 lEisapIan view ofa further embodiment 
ofthepresent invention; Fig. 1 IF is a plan view of an embodiment modified from that shown in Fig. 
1 IF; and 

1 5 [0052] FIGS. 1 2A- 1 2C; Fig. 1 2A is a perspective view of still another embodiment ofthe 
present invention; Fig. 1 2B is a perspective view ofa further embodiment ofthe present invention; 
Fig. 12C is a perspective view of yet another embodiment ofthe present invention. 

Detailed Des cription of the Preferred Embodiments 

20 Overall Air Transporter-Conditioner System Configuration: 

[0053] Figs. 2A and 2B depict an electro-kinetic air transporter-conditioner system 1 00 
whose housing 102 includespreferablyrear-located intake vents or louversl04 and preferably 
front located exhaust vents 106, and abase pedestal 108. If desired a single vent can provide and 
be used as both an airintake and an air exhaust with an air inlet channel and an air exhaust channel 

25 communicating with the vent and the electrodes. Preferably the housing is freestanding and/or 
upstandingly vertical and/or elongated. Internal to the transporter housmg is an ion generating unit 
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leO.preferablypoweredbyanACiDCpowersupplythatisenergizableorexcitableusingswitch 
SI. SI, which along with the other below described user operated switches are conveniently 
located at the top 103 of the unit 100. Ion generating unit 160 is self-contained in that other 
ambient air, nothing is required from beyond the transporter housing, save external operating 
potential, for operation of the present invention. 

[0054J TheuppersurfaceofhousinglOlincludesauser-liftablehandlememberinto 
which is affixed a second array 240 of collector electrodes 242 within an electrode assembly 220. 
Electrode assembly 220 also comprises a first array of emitter electrodes 230, or a single first 
electrodeshownhereasasinglewireorwire-shapedelectrode232. (The terms "wire" and "wire- 
shaped"shallbeusedinterchangeablyhereintomeananelectrodeeithermadefromawireor,if 
mickerorstiffermanawire,havingmeappearanceofawire.)mmeembodimentshow^ 
memberll21ifts second array electrodes 240 upward, causing the second electrode to telescope 

outofthetopofmehousingand,ifdesired,outofunitlOOforcleaning,whilemefi^ 
an^y230remainswithmumtm^ 

be lifted vertically out from toe top 1 03 of ^ 
elongatedhousingl02. Thisarr^^ 

Oftheunitl00,makesiteasyfortheusertopullmesecondelectrodesoutforcleamng.m 
2B, the bottom ends of second electrodes 242 are connected to a member 1 13, to which is 
attachedamechamsm500,wW^^ 

thefirstelectrode232,wheneverhandlememberll2ismovedupwardordownwardbyau S er. 

[0055] ^ efi ^andsecondarraysofelectrodesarecoupledtotheoutputterminalsofion 
generating unit 160, as best seen in Fig. 3. 

[0056] ^generalshapeofmeembodimentoftheinventionshowninFigs.2Aand2Bis 
that of a figure eight in cross-section, although other shapes are within the spirit and scope of the 
25 inventioa ™e top-to-bottom 

lm,wimaleft-to-rightwidthofpreferablyl5cm,andafront-to-backdepmo^^ 
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although other dimensions and shapes canofcourse be used. A louvered construction provides 
ampleinletandoutletventinginaneconomicalhousingconfiguration. There need be no real 
distinction b e tweenvent S 104andl06,excepttheirlocationreIativeto the second electrodes. 
These vents serve to ensure that an adequate flow of ambient air can be drawn into or made 

availabletomeunitlOO,andthatanadequateflowofionizedairthatmclud^ 
of 0 3 flows out from unit 100. 

[0057] As will be described, when unit 100 is energized with SI, high voltage or high 
potential output by ion generator 160 produces ions at the first electrode, which ions areattracted 
tothesecondelectrodes. The movement ofthe ions in an "IN" to "OUT" direction carries with 
the ions air molecules, thus electro-kinetically producing an outflow of ionized air. The "IN" 
notation in Figs. 2A and 2B denote the intake of ambient air with particulate matter 60. The 
"OUT" notation in the figures denotes the outflow of cleaned air substantially devoid ofthe 
particulatematter,wWch partis 

electrodes. In the process of generating the iomzed airflow appropriate amounts of ozone (0 3 ) are 
beneficially produced. It maybe desired to provide the inner surface of housing 102 with an 
electrostatic shield to reduces detectable electromagnetic radiation. For example, ametal shield 
could be disposed witWn the housing, or portions ofmemteriorofmehousmg can b^ 
a metallic paint to reduce such radiation. 

[0058] ^housmgprefeiablyhasasub^ 

section with dimpled side grooves. Thus, as indicated above, the cross-section looks somewhat 
likeafigure eight. It is witlun me scope ofmepresentmvention forme housm^ 
shaped cross-section such as, but not limited to, a rectangular shape, an egg shape, a tear-drop 
shape, or circular shape. The housing preferably has a tall, thin configuration. As will become 
apparent later, the housing is preferably functionally shaped to contain the electrode assembly. 
25 [0059] As mentionedabove,thehousinghasaninletandanoutlet.Boththeinletandthe 
outletarecoveredbyfinsorlouvers.Eachfmisatlunridgespac^ 
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each fin creates minimal resistance as air flows through the housing. The fins are horizontal and are 
directed across the elongated vertical upstanding housing of the unit. Thus, the fins are substantially 
perpendicular in this preferred embodiment to the electrodes. The inlet and outlet fins are aligned 
to give the unit a "see through" appearance. Thus, auser can "see through" the unit from the inlet 
5 to the outlet. The user will see no moving parts within the housing, but just a quiet unit that cleans 
the air passing therethrough. Alternatively the fins can be parallel with the electrodes in another 
preferred embodiment. Other orientations of fins and electrodes are possible in other 
embodiments. 

[0060] As best seen inFig. 3, ion generating unit 160 includes ahigh voltage generatorunit 
10 170 and circuitry 180 for converting raw alternating voltage (e.g., 1 1 7 VAC) into direct current 
("DC") voltage. Circuitry 1 80 preferably includes circuitry controlling the shape and/or duty cycle 
of the generator unit output voltage (which control is altered with user switch S2). Circuitry 1 80 
preferably also includes apulse mode component, coupled to switch S3, to temporarily provide 
a burst of increased output ozone. Circuitry 180 can also include a timer circuit and a visual 
mdicator such as a light ermtting diode ("^^ 

an audible indicator) signals when ion generation quits occurring. The timer can automatically halt 
generation of ions and/or ozone after some predetermined time, e.g., 30 minutes. 
10061 ] The high voltage generator unit 1 70 preferably comprises a low voltage oscillator 
circuit 190 of perhaps 20 KHz frequency, that outputs low voltage pulses to an electronic switch 
200, e.g., a thyristor or the like. Switch 200 switchably couples the low voltage pulses to the input 
winding of a step-up transformer Tl . The secondary winding of Tl is coupled to a high voltage 
multiplier circuit 21 0 that outputs high voltage pulses. Preferably the circuitry and components 
comprising high voltage pulse generator 1 70 and circuit 1 80 are fabricated on a printed circuit 
board that is mounted within housing 1 02. If desired, external audio input (e.g., from a stereo 
tuner) could be suitably coupled to oscillator 190 to acoustically modulate the kinetic airflow 
producedbyunitl60. The result would be an electrostatic loudspeaker, whose output airflow is 
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audible to the human ear in accordance with the audio input signal. Further, the output air stream 
would still include ions and ozone. 

[0062 J Output pulses from high voltage generator 1 70 preferably are at least 1 0 KV peak- 
to-peak with an effective DC offset of for example, half the peak-to-peak voltage, and have a 
5 frequency of, for example, 20 KHz. Frequency of oscillation can include other values, but 
frequency of at least about 20KHz is preferred as being inaudible to humans. If pets will be in the 
same room as the unit 1 00, it maybe desired to utilize and even higher operating frequency, to 
prevent pet discomfort and/or howling by the pet. The pulse train output preferably has a duty 
cycle of for example 1 0%, wWch will promote batt^^ 

10 d ifferentpeak-peakampliwdes,DCoffs 

frequencies can be used instead. Indeed, a 1 00% pulse train (e.g., an essentially DC high voltage) 
may be used, albeit with shorter battery lifetime. Thus, generator unit 1 70 for this embodiment can 
be referred to as a high voltage pulse generator. Unit 170 functions as a DC:DC high voltage 
generator, and could be implemented using other circuitry and/or techniques to output high voltage 

1 5 pulses that are input to electrode assembly 220. 

10063] As noted, outflow (OUT) preferably includes appropriate amounts of ozone that can 
removeodors and preferably destroyoratleastsubstantiallyalter bacteria, germs, and other living 
(orquasi-living)mattersubjectedtotheoutflow. Thus, when switch SI isclosed and the generator 
170has sufficient operating potential, pulses from high voltage pulse generator unit 170 create an 

20 outflow (OUT) of ionized air and ozone. When SI is closed, LED will visually signal when 
ionization is occurring. 

[0064] Preferably operating parameters of unit 1 00 are set during manufacture and are 
generallynotuser-adjustable. For example, with respect to operating parameters, increasing the 
peak-to-peak output voltage and/or duty cycle in the high voltage pulses generated by unit 1 70 can 
25 increase the airflow rate, ion content, and ozone content. These parameters can be set by the user 
by adjusting switch S2 as disclosed below. In the preferred embodiment, output flowrate is about 
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200 feet/minute, ion content is about 2,000,000/cc and ozone content is about 40 ppb (over 
ambient) to perhaps 2,000ppb (over ambient). Decreasing the ratio ofthe radius ofthe nose of 
the second electrodes to the radius ofthe first electrode or decreasing the ratio ofthe cross- 
sectioned area of the second electrode to the first electrode below about 20: 1 will decrease flow 
rate, as will decreasing the peak-to-peak voltage and/or duty cycle ofthe high voltage pulses 
coupled between the first and second electrode arrays. 

[0065] ^Practice,unitlOOisplacedinaroomandconnectedtoanappropriatesourceof 
operating potential, typically 117 VAC. WithSl energizing ionization unit 160, systems 100 emits 
ionizedairandpreferablysomeozoneviaoutletventslOe. The airflow, coupled with the ions and 
ozone freshens theairinthe room, and theozone can beneficially destroyer at least diminish the 
undesiredeffectsofcertainodors,bacteria,germs,andthelike. The airflow is indeed electro- 
kinetically produced, in that there are no intentionally moving parts within unit 100. (Some 
mechanical vibration may occur within the electrodes.). 

[0066] Having described various aspects of this embodiment ofthe invention in general, 
preferred embodiments of electrode assembly 220 are now described. In the various 
embodiments, electrode assembly 220 comprises a first array 230 of at least one electrode or 
conductive surface 232, and further comprises a second array 240 of preferably at least one 
electrode or conductive surface 242. Understandably material(s) for electrodes 232 and 242 
should conductelectricity,beresistant to corrosive effects from me application ofhigh voltage, yet 
20 be strong enough to be cleaned. 

[0067J In the various electrode assemblies to be described herein, electrode(s) 232 in the 
first electrodearray 230 arepreferably fabricated from tungsten. Tungsten is sufficiently robust in 
ordertowitlistand clean^ 

aroughexteriorsurfacematseemstopromoteefficientiomzation.Onm^ 
242 preferably have a highly polished exterior surface to minimize unwanted point-to-point 
radiation. As such, electrode(s) 242 preferably are fabricated from stainless steel and/or brass, 
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a m ongother m aterials.Thepolishedsurfaceofelectrode(s)232also 
cleaning. 

[0068] ^onfrasttothepriorartele^ 

and 242, are light weight, easy to fabricate, and lend themselves to mass production. Further, 
5 ele *rodes232and242describedh CT 

appropriate amounts of ozone, (indicated in several of the figures as 0 3 ). 

Electrode Assemhlv with First and Second PlertrnrW 
Figs. 4A-4F 

10 [0069] R 8S-4A-4Fillustratevariousconfigurationsoftheelectrodeassembly220.The 
outputfromhighvoltage P ulsegeneratorunitl70iscou P ledtoanelectrodeassembly220that 
C ompri S e S afirstelectrodearray230andasecondelectrodearray240.A g am,^ 

singleelectrodesorsingleconductivesurfacescanbe S ubstimtedforoneorbomarray230and' 
array 240. 

15 [0070] ™eP°ativeoutputterminaloM^ 

thenegativeoutputterminal iscoupled to second electrode array 240. It is believed that with this 

a^gementmenetpolarityofmeemittedionsispositive,e.g.,more P ositiveion^ 

ions are emitted. This coupling polarity has been found to work well, including minimizing 

unwanted audible electrode vibration or hum. However, while generation of positive ions is 
conducivetoarelatively^ 

be richer in negative ions, not positive ions. It is noted that in some embodiments, one port 
(preferablymenegat^^ 

Thus, electrodes in the second array need not be connected to the high voltage pulse generator 
using a wire. Nonetheless, there will be an "effective connection" between the second array 
electrodesandoneoutp*^^ 
Altemativelythenegau^ 
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230 and the positive output terminal can be connected to the second electrode array 240. 

[0071 J With this arrangement an electrostatic flow of air is created, going from the first 

electrodearraytowardsmesecondeleotrodearray.CTlusflow 
Accordinglyelect^^ 

electrode array 240 is closer to the OUT vents and first electrode array 230 is closer to the IN 



vents. 



[0072] WnenvoltageorpulsesfromhighvoltagepulsegeneratornOarecoupledacross 
first and second electrode arrays 230 and 240, a plasma-like field is created surrounding 
electrodes 232 in first array 230. This electric field ionizes the ambient air between the first and 
second electrode arrays and establishes an "OUT" airflow that moves towards the second array. 
ItisunderstoodthattheINflowentersviavent(s)104,andthattheOUTflowexitsviavent(s) 



106. 



[0073] Ozone and ions are generated simultaneously by the first array electrodes 232, 
essentiallyasafunctionof^^ 

or conductive surfaces. Ozone generation can be increased or decreased by increasing or 
decreasingthepotentialatthe first array. Coupling an oppositepolaritypotential to the second 
array electrodes 242 essentially accelerates the motion of ions generated at the first array, 
producingmeairflowdenotedasW'mmefi^ 

toward the second array, the ions and ionized particles push or move air molecules toward the 
second array. The relative velocity of this motion may be increased, by way of example, by 
decreasing the potential at the second array relative to the potential at the first array. 
[0074] F°^ample,if + 10KVwereappb^ 
wereappliedtomesecondaraye^ 

form adjacent the first electrode army. Further, the relatively high lOKVpotentialwouldgenerate 
substantial ozone. By coupling a relatively negative potential to the second array electrode(s), the 
velocity of the air mass moved by the net emitted ions increases. 
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10075] On the other hand, if it were desired to maintain thesame effective outflow (OUT) 
velocity, but to generate less ozone, the exemplary 1 0 KVpotential could be divided between the 
electrode arrays. For example, generator 1 70 could provide +4 KV (or some other fraction) to 
the first array electrodes and -6 KV (or some other fraction) to the second array electrodes. In 
5 this example, it is understood that the +4 KV and the -6 KV are measured relative to ground. 
Understandably it is desired that the unit 100 operates to output appropriate amounts of ozone. 
Accordingly, the high voltage is preferably fractionalized with about +4 KV applied to the first 
array electrodes and about -6 KV applied to the second array electrodes. 
[0076] In the embodiments of Figs. 4A and 4B, electrode assembly 220 comprises a first 

1 0 array 230 of wire-shaped electrodes 232, and a second array 240 of generally "U"-shaped 
electrodes242.mpreferredembodiments,menumberNlofelectrodescomprismgt^^ 
can preferably differ by one relative to the number N2 of electrodes comprising the second array 
240. In many of the embodiments shown, N2>N1 . However, if desired, additional first electrodes 
232 could beadded at the outer ends of array 230suchthatNl>N2, e.g., five first electrodes 232 

15 compared to four second electrodes 242. 

[0077] As previously indicated first or emitter electrodes 232 are preferably lengths of 
tungsten wire, whereas electrodes 242 are formed from sheet metal, preferably stainless steel, 

almoughbrassoromersheetmetalcouldbeused.Thesheetmetalisreamlyconfiguredto 
side regions 244 and bulbous nose region 246, forming the hollow, elongated "U'-shaped 
20 electrodes 242. While Fig. 4A depicts four electrodes 242 in second array 240 and three 
electrodes232infirstarray230,asnotedpreviously,othernumbersofelectrodesineacharray 
could be used, preferably retaimng a syinmemcally staggered configuration as shown. It is se 
in Fig. 4A that while particulate matter 60 is present in the incoming (IN) air, the outflow (OUT) 

airissubstantiallydevoidofparticulatematter,wluchadherestothepreferably large surface area 
25 provided by the side regions 244 of the second array electrodes 242. 

[0078] Fig. 4B illustrates that the spaced-apart configuration between the first and second 
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arrays 230, 240 is staggered. Preferably, each first array electrode 232 is substantially equidistant 
from two second array electrodes 242. This symmetrical staggering has been found to be an 
efficient electrode placement. Preferably, in this embodiment, the staggering geometry is 
symmetrical in that adjacent electrodes 232 or adjacent electrodes 242 are spaced-apart a 
5 constant distance, Yl and Y2 respectively. However, anon-symmetrical configuration could also 
be used. Also, it is understood that the number of electrodes 232 and 242 may differ from what 
is shown. 

[0079] In the embodiment of Figs. 4A, typically dimensions are as follows: diameter of 
electrodes 232, Rl , is about 0.08 mm, distances Yl and Y2 are each abou* 16 mm, distanceXl 
10 is about 1 6 mm, distance L is about 20 mm, and electrode heights Zl and Z2 are each about 1 m. 
The width W of electrodes 242 is preferably about 4 mm, and the thickness of the material from 
which electrodes 242 are formed is about 0.5 mm. Of course other dimensions and shapes could 
be used. For example, preferred dimensions for distance XI may vary between 12-30mm,and 
the distance Y2 may vary between 1 5-30mm. It is preferred that electrodes 232 have a small 
diameter. A wire having a small diameter, such asRl, generates ahigh voltage field andhas ahigh 
emissivity. Both characteristics are beneficial for generating ions. At the same time, it is desired 
that electrodes 232 (as well as electrodes 242) be sufficiently robust to withstand occasional 
cleaning. 

[0080] Electrodes 232 in first array 230 are coupled by a conductor 234 to a first 
(preferably positive) output port ofhigh voltage pulse generator 170. Electrodes 242 in second 
array 240 are coupled by a conductor 249 to a second (preferably negative) output port ofhigh 
voltage generator 170. The electrodes may be electrically connected to the conductors 234 or 249 
at various locations. By way of example only, Fig. 4B depicts conductor 249 making connection 
with some electrodes 242 internal to bulbous end 246, while other electrodes 242 make electrical 
connection to conductor 249 elsewhere on the electrode 242. Electrical connection to the various 
electrodes 242 could also be made on the electrode external surface, provided no substantial 
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impairment of the outflow airstream results; however it has been found to be preferable that the 
connection is made internally. 

[0081 ] In this and the other embodiments to be described herein, ionization appears to occur 
at the electrodes 232 in the first electrode array 230, with ozone production occurring as a function 
5 ofhigh voltage arcing. For example, increasing the peak-to-peak voltage amplitude and/or duty 
cycle of the pulses from the high voltagepulse generator 170 can increase ozone content in the 
output flow of ionized air. If desired, user-control S2 can be used to somewhat vary ozone content 
by varying amplitude and/or duty cycle. Specific circuitry for achieving such control is known in 
the art and need not be described in detail herein. 
1 0 [0082] Note the inclusion in Figs. 4A and 4B of at least one output controlling electrodes 
243, preferably electrically coupled to the same potential as the second array electrodes 242. 
Electrode 243 preferably defines a pointed shape in side profile, e.g., a triangle. The sharp point 
on electrodes 243 causes generation of substantial negative ions (since the electrode is coupled to 
relatively negative high potential). These negative ions neutralize excess positive ions otherwise 

1 5 present in the output airflow, such that the OUT flow has a net negative charge. Electrodes 243 
is preferably stainless steel, copper, or other conductor material, and is perhaps 20 mm high and 
about 1 2 mm wide at the base. The inclusion of one electrode 243 has been found sufficient to 
provide a sufficient number of output negative ions, but more such electrodes may be included. 
[0083] In the embodiments of Figs. 4A, 4B and 4C, each "U"-shaped electrode 242 has 

20 two trailing surface or sides 244 that promote efficient kinetic transport of the outflow of ionized 
air and ozone. For the embodiment of Fig. 4C, there is the inclusion on at least one portion of a 
trailing edge of a pointed electrode region 243'. Electrode region 243' helps promote output of 
negative ions, in the same fashion that was previously described with respect to electrodes 243, 
as shown in Figs. 4A and 4B. 

25 [0084] In Fig. 4C and the figures to follow, the particulate matter is omitted for ease of 
illustration. However, from what was shown in Figs. 4A-4B, particulate matter will be present in 
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theincomingair,andwillbe substantially absent from the outgoing air. As has been described, 
particulate matter 60 typically will be electrostatically precipitated upon the surface area of 
electrodes 242. 

[0085] As discussed above and as depicted by Fig. 4C, it is relatively unimportant where 
onanelectrodearrayelectricalconnectionismade. Thus, first array electrodes 232 are shown 
electricallyconnected together at their bottomregionsbyconductor 234, whereas second array 
electrodes 242 are shown electrically connected together in their middle regions by the conductor 
249. Both arrays may be connected together in more than one region, e.g. , at the top and at the 

bottom. Itispreferredthatthewireorstripsorotherinter-connectingmechanisms be at thetop, 

bottom, orperipheiyofmesecondan-ayelectrodes242,soastomimmizeobstmctingstreamair 
movement through the housing 210. 

[0086J It is noted that the embodiments of Figs. 4C and 4D depict somewhat truncated 
versions of the second electrodes 242. Whereas dimension L in the embodiment of Figs. 4A and 
4B was about 20 mm, in Figs. 4C and 4D, L has been shortened to about 8 mm. Other 
dimensions in Fig. 4C preferably are similar to those stated for Figs. 4A and 4B. It will be 
appreciated that the configuration ofsecond electrode array 240 in Fig. 4C can be more robust 
manmeconfigu ra tionorTigs.4Aand4B,byvirtueoftheshortert^ 
earlier,asymmetrical staggered geometryforfoefirstaiid second ^ 
the configuration of Fig. 4C. 

[0087] ht heemr J odimentofFig.4D,theoutermostsecondelectrodes,denoted242-l M ^ 
242-4, have substantially no outermost trailing edges. Dimension L in Fig. 4D is preferably about 
3mm, and other dimensions maybe as statedfor the configuration ofFigs.4A and 4B. Again, the 
ratioofthe radius or surface areas between the first electrode 232 and the second electrodes 242 
for the embodiment of Fig. 4D preferably exceeds about 20:1 . 
25 [0088] Fi gs-4Eand4Fdepictanomerembodta 

firstelectrodearray230comprisesasinglewireelectrode232,andthesecondelectrodearra y 
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240 comprises a single pair of curved "L"-shaped electrodes 242, in cross-section. Typical 
dimensions, where different than what has been stated for earlier-described embodiments, are XI 
« 12mm,Y2 = 5mm,andLl -3 mm. The effective surface area or radius ratio is again greater 
than about 20: 1 . The fewer electrodes comprising assembly 220 in Figs. 4E and 4F promote 
economy of construction, and ease of cleaning, although more than one electrode 232, and more 
than two electrodes 242 could of course be employed. This particular embodiment incorporates 
the staggered symmetry described earlier, in which electrode 232 is equidistant from two 
electrodes 242. Other geometric arrangements, which may not be equidistant, are within the spirit 
and scope of the invention. 

Electrode Assembly With an Upstream Focus Electrode: 
Figs. 5A-5B 

[0089J The embodiments illustrated in Figs. 5A-5B are somewhat similar to thepreviously 
described embodiments in Figs. 4A-4B. The electrode assembly 220 includes a first array of 
electrodes 230 and asecond array of electrodes 240. Again, forthis and the other embodiments, 
the term "array of electrodes" may refer to a single electrode or a plurality of electrodes. 
Preferably, the number of electrodes 232 in the first array of electrodes 230 will differ by one 
relative to the number of electrodes 242 in the second array of electrodes 240. The distances L, 
X 1 , Y 1 , Y2, Z 1 and Z2 for this embodiment are similar to those previously described in Fig. 4A. 
[0090] AsshowninFig. 5A, the electrode assembly 220 preferably adds a third, or leading, 
or focus, or directional electrode 224a, 224b, 224c (generally referred to as "electrode 224") 
upstream of each first electrode 232-1, 232-2, 232-3. The focus electrode 224 produces an 
enhanced airflow velocity exitmg foe dev^ 

directs the airflow, and ions generated by the first electrode 232, towards the second electrodes 
242. Each third focus electrode 224 is a distance X2 upstream from at least one of the first 
electrodes 232. The distance X2 is preferably 5-6 mm, or four to five diameters of the focus 
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electrode224. However, the third focus electrode 224 can be further from or closer to the first 
electrode 232. 

[0091] Thethirdfocuselectrode224illustratedinFig. 5A is a rod-shaped electrode. The 
thirdfocuselectrode224 can also comprise other shapes that preferably do not contain any shaip 
edges. Thethirdfocuselectrode224ispreferablymanufacturedfrommaterialmatw 
oroxidize, such as stainless steel. The diameter ofthe third focus electrode 224, in a preferred 
embodiment, is at least fifteen times greater than the diameter ofthe first electrode 232. The 
diameterofttethirdfocuse^^ 

electrode 224 is preferably large enough so that third focus electrode 224 does not function as an 
ion emitting surface when electrically connected with the first electrode 232. The maximum 
diameterofthe third focus electrode 224 is somewhat constrained. As the diameter increases, the 
thirdfocuselectrode224 will begin to noticeably impair the airflow rate ofthe units 100 or 200. 
Therefore, the diameter of the third electrode 224 is balanced between the need to form a non-ion 
emitting surface and airflow properties ofthe unit 100 or 200. 
1 5 [0092] In a preferred embodiment, each third focus electrodes 224a, 224b, 224c are 
electrically connected with the first array230 and the high voltage generator 170 by the conductor 

234.AsshowninFig.5A,metWrdfocuselectrodes224areelectricalIycormectedtothesa^^ 
positive outlet ofthe high voltage generator 1 70 as the first array 230. Accordingly, the first 
electrode 232 and the third focus electrode 224 generate a positive electrical field. Since the 
electrical fields generated by the third focus electrode 224 and the first electrode 232 are both 
positive, thepositive field generated by me tWrd focus electrode 224 can push, or repel, or direct, 
thepositivefieldgeneratedbythefirst electrode 232 towards the second array240. For example, 
the positive field generated by the third focus electrode 224a will push, or repel, or direct, the 
positivefieldgenemtedbytoefi^^ 

third focus electrode 224 shapes the electrical field generated by each electrode 232 in the first 
array 230. This shaping effect is believe to decrease the amount of ozone generated by the 
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electrode assembly 220 and increases the airflow of the units 100 and 200. 
[0093] ^eparticleswithintheairflowarepositivelychargedbytheionsgenerate^ 
first electrode232. Aspreviouslymentioned,thepositivelychargedparticlesarecollectedbym 
negativelychargedsecondelectrodes242. The third focus electrode 224 also directs the airflow 
towards the second electrodes 242 by guiding the charged particles towards me ^ 
of each second electrode 242. It is believed that the airflow will travel around the third focus 
electrode 224,partiaUyfocusmgmeaMowtowardsmem^ 
rate of the electrode assembly 220. 

[0094] ™etlnrdfocuselecfrode224maybe 

first electrode 232. By way of example only, a third focus electrode 224b is located directly 
upstreamofmefirstelec^^ 
andsynmem-callyal^ 

line B is located midway between the second electrode 242-2 and the second electrode 242-3 . 

[0095] Alt ^tively,athirdfocuselectrode224canalsobelocatedatananglerelativeto 
mefirstelectrode232.Fore X ample,amirdfocuselectrode224acanb^ 
firstelectrode232-lalongalmeextendmgfo)mmemiddleo^ 

242-2thxoughmecenterofthefirstelectrode232-l,asshownbyextensionlineA. Thethird 
focuselectrode224 a isin-lineandsymmetricallyaligned with the first electrode 232-1 along 
extension line A. Similarly, me third electrode 224c is located ups^ 

alongalineextendingfix>mmeimddleofmenose246ofmesecondelectrode242-3^ 
firstelectrode232-3,asshownbyextensionlineC.Thetliirdfc< ; u S elec 
symmemcallyahgnedwimmefirstelectrode It is within the scope 

offtepresentinventionfor 

are both directly upstream and at an angle to the first electrodes 232, as depicted in Fig. 5 A. Thus 
25 the focus electrodes fan out relating to the first electrodes. 
[0096] Fig-5Billmtratesmatanele^ 
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electrodes 224 upstream of each first electrode 232. By way of example only, the third focus 
electrode 224a2 is in-line and symmetrically aligned with the third focus electrode 224al , as shown 
by extension line A. In a preferred embodiment, only the third focus electrodes 224al , 224bl , 
224cl are electrically connected to the high voltage generator 170 by conductor 234. 
Accordingly, not all of the third electrodes 224 are at the same operating potential. In the 
embodimentshowninFig.5B, the thirdfocus electrodes 224al,224bl,224cl areat the same 
electrical potential as the first electrodes 232, while the third focus electrodes 224a2, 224b2, 
224c2 are floating. Alternatively, the third focus electrodes 224a2, 224b2 and 224c2 may be 
electrically connected to the high voltage generator 170 by the conductor 234. 
[0097J Fig. 5B illustrates that each second electrode 242 may also have a protective end 
241 . In the previous embodiments, each "U"-sha P ed second electrode 242 has an open end. 
Typically, the end of each trailing side or side wall 244 contains sharp edges. The gap between 
the traihngsidesorside walls 244, and the sharp edges at the end ofthe trailing sides or side walls 
244, generate unwanted eddy currents. The eddy currents create a "backdraft," or airflow 
traveling from the outlet towards the inlet, which slow down the airflow rate ofthe units 1 00 or 
200. 

100981 bi apreferred embodiment, theprotectiveend241 is created by shaping, orrolling, 
metrailmgsidesorsidewalls244mwardandpressingmemtogemer^ 

end with no gap between the trailing sides or side walls of each second electrode 242. 
Accordinglyfoeside walls haveout 
bentbackadjacenttometra^ 

are adjacent to, or face, or touch each other. Accordingly a smooth trailing edge is integrally 
formed on the second electrode. If desired, it is witlim me scope ofme invention to spot weld the 
rounded ends together along the length ofthe second electrode 242. Itis also within the scope of 
thepresentinventionto form the protective end 241 by other methods such as, but not limited to, 
placingastrapofplastic across each end ofthe trailing sides 244 for the full length ofthe second 
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electrode242. The rounded orcapped end is an improvement overthe previous electrodes 242 
wimoutaprotectiveend241.Eliminatingthegapbetween the trailing sides 244 also reduces or 
eliminates the eddy currents typically generated by the second electrode 242. The rounded 
protective end also provides a smooth surface for purpose of cleaning the second electrode. 
Accordmglybttosemb^^ 
with a protection end. 

Figs. 6A-6D 

[0099] Fi & SAillustratesaji elects 

having three wire-shaped first electrodes 232-1 , 232-2, 232-3 (generally referred to as "electrode 
232") and a second array of electrodes 240 having four "U"-shaped second electrodes 242-1, 
242-2, 242-3, 242-4 (generally referred to as "electrode 242"). Each first electrode 232 is 
electrically connected to the high voltage generator 170 at the bottom region, whereas each second 
electrode 242 is electrically connected to M 
thatthe first *"d second electrodes 232, 242 can be el^^ 

[0100] ^ es ^ondelectrode242inFig.6Aisasimilarversionofthesecondelectrode242 
showninFig.4C. The distance L has been shortened to about 8mm, while the other dimensions 
XI, Yl, Y2, Zl, Z2 are similar to those shown in Fig. 4A. 

[0101] Athi ^Ieadingorfocuselectrode224islocatedupstreamofeachfirstelectrode 
232. Theinnermost third focuselectrode224bis located directly upstream of the first electrode - 
232-2, as shown by extension line B. Extension line B is located midway between the second 
electrodes 242-2, 242-3. The third focus electrodes 224a, 224c are at an angle with respect to 
the first electrodes 232-1,232-3. For example, the third focus electrode 224a is upstream to the 
firstelect ro de232-lalongal^^ 

242-2 extendingthrough the centerofthe first electrode 232-1, as shown by extension line A. The 
thirdelectrode224cislocatedupstreamofthe first electrode 232-3 along a line extending from 

Attorney Docket No.: SHPR-OJ 04 1 USM SRJV1/SDS 
ssanford/wp/shpr/1 041/1041 USM/1 04 1 usM.application. wpd 

* v Express Mail No. : EL670725405US 



25 



26 



10 



thecenterofthenose246ofthesecondelectrode242-3throughthece n terofthef,rstd 
232-3, as shown by extension line C. Accordingly and preferably the focus electrodes fan out 

relativetothefirstelectrodesasanaidfordirectingtheflowo^^ 

illustrates that the third focus electrodes 224 and the first electrode 232 maybe electrically 
connected to the high voltage generator 170 by conductor 234. 
(0102) fig-6Cillustratesmatapa^^ 

of each first electrode 232. Preferably, the multiple third focus electrodes 224 are in-line and 
symmetrically aligned with each other. For example, me tWrd focus electrode 224a2 is ^ 
syn^etrically aligned wi^ 

mentioned, preferably only third focus electrodes 224al , 224bl,224cl are electrically connected 
withmefnstelectrode^ 

to have none or all of the third focus electrodes 224 electrically connected to the high voltage 
generator 170. 

[01 03] Fig. 6D illustrates third focus electrodes 224 added to the electrode assembly 220 
shown in Fig. 4D. Preferably, a third focus electrode 224 is located upstream of each first 
electrode232.Forexample,metr^^ 
wimmefirstelectrode23^ 

between the second electrodes 242-2, 242-3. The third focus electrode 224a is in-line and 
symmetrical^^ 

thirdelectrode224cisin-line and symmetrically aligned wim me first electrode 232-3, as show^ 
byexter*ionlmeC.Exta 

second electrodes 242-2, 242-3 through the first electrodes 232-1, 232-3, respectively. In a 
preferred embodiment, me third electrodes 224a, 224b, 224c wim me Wg^ 
by the conductor 234. This embodiment can also include a pair of third focus electrodes 224 
25 upstream of each first electrode 232 as is depicted in Fig. 6C. 



Attorney Docket No.: SHPR-01 04 1 USM SRM/SDS 
ssanford/wp/shpr/1 041/1 04 1 USM/1 04 1 usM.appIication wpd 

Express Mail No. : EL670725405US 



15 



20 



-27 

Figs. 7A-7C 



10104] Fi gs-7A-7Ci11ustratethattheelectrodeassembly220showninFig.4Ecan^ 
a third focus electrode upstream of the first array of electrodes 230 comprising a single wire 
electrode 232. Preferably, the center of the third focus electrode 224 is in-line and symmetrically 
5 al ^^wimthecenterofmefirsteIectrode232,asshownbyextensionlineB.E^ 

is located midway between the second electrodes 242. The distances XI, X2, Yl , Y2, Zl and 

Z2aresimilartotheembodimentspreviouslydescribed.Thefirstelectrode232andthesecond 
electrode 242 may be electrically connected to me high-voltage generator 170 

249respectively.Itiswithinthescopeofthepresentinventiontoconnectthefirstandsecond 
10 el ^estoop P ositeendsofM 

negatively charged and the second electrode 242 may be positively charged). In a preferred 
embodiment the third focus electrode 224 is also electrically connected to the high voltage 
generator 170. 

101 05) Fig. 7B illustrates that a pair of third focus electrodes 224a, 224b maybe located 
15 upstream of the first electrode 232. The third focus electrodes 224a, 224b are in-line and 

islocatedmidwaybetweenmesecondd 
isupstreWtWrdfocusd^ 

^•haprefened embodiment, omyftetmrdfocuselec^ 
20 AeWghvoItagegeneratornO.^ 

both third focus electrodes 224a, 224b to the high voltage generator 170. 
10106] %-7Cillusfratesthat^ 

respect to ^ first electrode 232. Similar to me previous embodiments, me 
224al and 224bl is located a distance X2 upstream from the first electrode 232. By way of 
25 ^ P Ieomy,methirdfocuselectrodes224al,224a2are^^ 

mi ddleofthesecondelectrode242-2throughthecenterofthefirstelectrode232,as shownby 
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extension line A. Similarly, the third focus electrodes 224M , 224b2 are along a line extending from 
the middleofthe second electrode 242-1 through the middle of the first electrode 232, as shown 
byextensionlineB. The third focus electrode 224a2 is in-line and symmetrically aligned with the 
thirdfocuselectrode224alalongextensionlineA. Similarly, the third focus electrode 224b2 is 
5 inlmeandsymmem-cally^ along extension line B. The 

tWrd focus electrodes 224 are fann^^ 

In a preferred embodiment, only the third focus electrodes 224al and 224M are electrically 
connected to the high-voltage generator 170 by conductor 234. It is within the scope of the 
invention to electrically connect the third focus electrodes 224a and 224b2 to the high voltage 
10 generator 170. 



15 



20 



25 



Figs. 8A-8B 

[0107] The previously described embodiments of the electrode assembly 220 disclose a 
rod- shaped third focus electrode 224 upstream of each first electrode 232. Fig. 8A illustrates an 
altemativeconfigurationformetliirdfocus electrode 224. By way ofexample only, the electrode 
assembly 220 may include a "U"-shaped or possibly "C"-shaped third focus electrode 224 
upstream of each first electrode 232. Further the third focus electrode 224 can have other curved 
configurations such as, but not limited to, circular-shaped, elliptical-shaped, and parabolically- 
shapedotherconcaveshapesfacingthefirstelectrode232. hapreferred embodiment, the third 
focus electrode 224 has holes 225 ext 

resistance of the third focus electrode 224 on the airflow rate. 

[0108] In apreferred embodiment, the third focus electrode 224 is electrically connected 
tothehighvoltagegeneratorl70byconductor234. The third focus electrode 224 in Fig; 8A is 
preferably not an ion emitting surface. Similar to previous embodiments, me third focus electrode 
224generatesapositiveelectricfieldandpushes or repels the electric field generated by the first 
electrode 232 towards the second array 240. 
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[0109] Fig. SBillustratesthataperfor^^ 

224 canbeincorporatedii 1 totheelectrodeassembly220shownuiFig.4A. Even thoughonJytwo 
configurations of the electrode assembly 220 are shown with the perforated "U"-shaped third 
focus electrode 224, all the embodiments described in Figs. 5A-12C may incorporate the 
perforated "U"-shaped third focus electrode 224. It is also within thescopeofthe inventions 
havemultipleperforated "IT-shaped third focus electrodes 224 upstream ofeach first electrode 
232. Further in other embodiment the "U"-shaped third focus electrode 224 can be made of a 
screen or a mesh. 

[0110] Fi g-8Cillustratestlurdfocuselectrodes224similartothosedepictedinFig.8B J 
exceptthatthethirdfocuselectrodes224arerotatedbyl80°topresetaconvexsurfacefacing 
to the first electrodes 232 in order to focus and direct the field of ions and airflow from the first 
electrode 232 toward the second electrode 242. These third focus electrodes 224 shown in Figs. 
8A-8C are located along extension lines A, B, C similar to previously described embodiments. 

15 Figs. 9A-9C 

[01 1 1] Fig. 9A illustrates a pin-ring configuration of the electrode assembly 220. The 
electrode assembly 220 contains a cone-shaped or triangular-shaped first electrode 232, 
a ring-shaped second electrode 242 downstream of the first electrode 232, and a third focus 
electrode 250 upstream of the first electrode 232. The third focus electrodes 250 may be 

electricallyconnectedtomehighvoltagegeneratorl70.Preferablythefocuselectrode250is 
spaced from the first electrode 232 a distance that is in accordance with theother embodiments 
described herein. Alternative^ 
ind ™tedbyphantome^ 
ofsuchpm-likeandrmg-1^ 

9Acanbepositionedoneabovetheotheralongtheelongatedhousingofthe invention. Sucha 
pluralityofpm-rmgcoimguratioiascanofcourseoperatemanomerem 



20 
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^electrode. ItisunderstoodthattW^ 

elongated along the elongated direction of said housing and can replace the first and second 
electrodes shown ,for example, in Fig. 2B and be removable much as the second electrode in Fig 
2Bisremovable. Preferably, the first electrode 232 is tungsten, and the second electrode 242 is 
stainlesssteel. Typical dimensions forthe embodimentoiFig.9AareLl = 10millimeters,Xl=9.5 
millimeters, T=0.5 millimeters and the diameter of the opening 246= 12millimeters. 
[0112] ^electricalpropertiesandcha^teristicsoftheu^ 
tofcethirdfocuselectx^ 

physicalcharacteristicoftheprevious embodiments, the shape the third focus electrode 250 is a 
concavedisc, W immeconca^^^ 

tWrdfocuselectrode250preferablyhasholesextendm g mere^^ 

in airflow. It is within the scope of the present invention for the third focus electrode 250 to 
compriseothershapes such as,butnot limited to, a convex disc a parabolic disc, a spherical disc, 
orotherconvexorconcaveshapesorarectang]e,orotherplanarsurfaceandbewiminthespirit 

15 ^ ds ^peoftheinvention.Thediameter O fthethirdfocuselectrode250ispreferablya^ 
fifteentimesgreatermanmedi^ 

be made of a screen or a mesh. 

[0113] The second electrode 242 has an opening 246. The opening 246 is preferably 
circularMsembod^ 

20 compriseomershapessuchas^ 
electrode242hasacollar247(^ 

thedustcontainedwitWn^ 

and 9Cthecollar247includesadownstreamextendingtubularportion248 which cancollect 
particles. As a result, the airstream emitted by the electrode assembly 220 has a reduced dust 
25 content. 

[0114] ^ si ^^ 
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electrode232canco m prisearod-shapedelectrodehavingataperedend.InFig.9B J adetai]ed 
cross-sectional view of the central portion of the second electrode 242 in Fig. 9A is shown. 
Prefembl^theco^^ 

paths from thedistaltipofthef 1 r S telectrode232tothecollar247haves U bstantiall y equalpath 
lengths. Thus, whilethe distal tip (or ennttmg tip) ofthe first electrode 232 is advantage 
to concentrate the electric field, the adjacent regions of the second electrode 242 preferably 
providemany equidistant inter-electrode paths. The lines drawn in phantom in Figs. 9B and 9C 
depict theoretical electric force field lines emanating from the first elecfrode 232 and terminating 
on the curved surface of the second electrode 242. Preferably, the bulk of the field emanates 

withinabout45degreesofcoaxialaxisbetweenthefirstelectrode232andthesecondelectrode 
242. 

(01 15] In Fig. 9C, one or more first electrodes 232 are replaced by a conductive block 
232" ofcarbon fibers, theblockhavmgadistalsuifaceinwluchprojectingfibers233-l,...233-N 
take on the appearance of a "bed of nails." The projecting fibers can each act as an emitter 
electrodeandprovideapluralityofemittingsurfaces. Over a period oftime, some or all of the 
electrodes willliterallybeconsumed,whereupontheblock232»maybereplaced. Materials 

other than ophite may be used for block 232>roviding that the material has a surface with 
projecting conductive fibers such as 233-N. 



20 Electrode Assembly With a nnwn St ream Trailing Pl^ c . 

Figs, l OA- inn 

[0116] Figs. 1 OA- 10C illustrate an electrode assembly 220 having an array of trailing 
electrodes 245 added to an electrode assembly 220 similar to that shown in Fig. 7A. It is 
understoodmatanaltemativ e embodimentsiniilartoFig.lOAcanincludea^ 
25 electrodes without any focus electrodes and be within the spirit and scope of the inventions. 

ReferringnowtoFigs.l0A-10B,eacht ra ilingelecfrode245islocateddownsu^ 
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array of electrodes 240. Preferably, the trailing electrodes are located downstream from the 
secondelectrodes 242 by at least three times the radius R2 (see Fig. 1 OB). Further, the trailing 
electrodes 245 are preferably directly downstream of each second electrode 242 so as not to 
interfere with the flow of air. Also, the trailing electrode 245 is aerodynamical ly smooth, for 
5 ex ^P le >™ular,^^ 

the smoothnessoftheairflowthereby.Inapreferred embodiment, the trailing electrodes 245 are 
electrically connected to the same outlet of the high voltage generator 170 as the second array of 
electrodes240. As shown inFig. 10A, the secondelectrodes 242 and the trailing electrodes 245 
haveanegativeelectrical charge. ™sairangement can mtroduce more negative charges into the 
10 airstre ^- Alternative 

electricallyconnected.Thetrailingelectrodes245canalsobegroundedinoto 

Further alternatively, as shown in Fig. 1 0D, the trailing electrode 245 can be formed with the 

second electrode out of a sheet of metal formed in the shape of the second electrode and then 

extendmgtothepositionofmetrailingelectrodeandformedasahollowtrailm^ 
15 P eri P«eraI wall that is about ^ 

inFig. IOC. 

[01 17] When the trailing electrodes 245 are electrically connected to the high voltage 

gene ra torl70,mepositivelycharged P articleswitWnmeairflowarealsoa 
on.metmilingelect^ 

20 ^Particleswillco^ 

willpass through the unit 200 without being collected by the second electrodes 242. Thus, the 
trailingelectrodes245serveasasecond surface area to collect the positively charged particles. 
The trailing electrodes 245 also can deflect charged particles toward the second electrodes. 
[0118] ™etrailmgelecta>de^ 

25 * e ^w.Thesenegativeionswillneutralizemepositiveionse^ 
Ifmepositiveionsemittedbymefctelectrodes232 
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theoutlet260,theoutletfins212canbecomeelectricallycharged and particles within the airflow 
maytendtosticktothefins212. IftWscccurs.eventuallytheamountofparticlescollectedbythe 
fins 212 will block or minimize the airflow exiting the unit 200. 

[01 19] Fig. 1 0C illustrates another embodiment of the electrode assembly 200, having 
trailing electrodes 245 added to an embodiment similar to that shown in Fig. 7C. The trailing 
electrodes 245are located downstream of the second array 240 similar to the previously described 
embodiments above. It is within the scope of the present invention to electrically connect the 
trailingelectrodes245tothehighvoltagegeneratorl70. As shown in Fig. 10C, all of the third 
focuselectrodes224 are electrically connected to the high voltage generator 170. In a preferred 
embodiment, only the third focus electrodes 224al , 224M are electrically connected to the high 
voltage generator 170. The third focus electrodes 224a2, 224b2 have a floating potential. 

Electrode Assemblies With Variou s Comhinahom of Focu^ 
Enhanced Seco nd Electrodes With Protective Fnrk- 
15 Fies. 11A-11D 

101201 Fi §- 1 1 A "Urates an electrode assembly 220 that includes a first array of 
electrodes 230 having two wire-shaped electrodes 232-1, 232-2 (generally referred to as 
"electrc<le232'Oandasecondarrayofelectrodes240havmgtliree"lJ 

242-2, 242-3 (generally referred to as "electrode 242"). This configuration is in contrast to, for 
example, the configurations ofFig 9A, wherein there are three first emitter electrodes 232 and four 
second collector electrodes 242. 
[0121] Upstreamfromeachfnstelec^ 

224. Each third focus electrode 224a, 224b is at an angle with respect to a first electrode 232. 
For example, me tWrd focus elec^ ^ 

ofthenose246ofthesecondelectrode242-2throughthecenterofthe first electrode 232-1, as 
shownbyextensionlineA. Thethirdfocus electrode 224a is in-line and symmetrically aligned with 

Attorney Docket No.: SHPR-01 04 1 USM SRM/SDS 

ssanford/wp/shpr/1041/l(MlUSM/104IusM.appKcation wpd 

F Express Mail No.: EL670725405US 



20 



25 



-34- 

the first electrode 232-1 along extension line A. Similarly, the third focus electrode 224b is located 
along a line extending from middle of the nose 246 of the second electrode 242-2 through the 
center of the first electrode 232-2, as shown by extension line B. The third focus electrode 224b 
is in-line and symmetrically aligned with the first electrode 232-2 along extension line B. As 
5 previously described, the diameter of each third focus electrode 224 is preferably at least fifteen 
times greater than the diameter of the first electrode 232. 

10122] AsshowninFig. 11A, and sinular to me embodiment shown in Fig. 5B, each second 
electrode preferably has a protective end 241. In a preferred embodiment, the third focus 
electrodes 224 are electrically connected to the high voltage generator 170 (not shown). It is 
10 ^^thespm'tandscopeofmeinventiontonotelecmcallyconnectme 

[01 23] Fig. 1 1 B illustrates that multiple third focus electrodes 224 maybe located upstream 
of each first emitter electrode 232. For example, the third focus electrode 224a2 is in-line and 
svnimetricallyaligned^ Similarly,the 
third focus electrode 224b2 is in-line and symmetrically aligned with the third focus electrode 
15 242M along extension lineB. It is within the scope ofthe present invention to electrically connect 
all, or none of, the third focus electrodes 224 to the high-voltage generator 170. In apreferred 
embodiment, only the third focus electrodes 224al,224bl areeleclricallyconnectedtothehigh 
voltagegeneratorl70,wimthetlurdfoci 1 selectrodes224a2,224b2havingafloa^ 
[0124] Fig- HC illustrates that the electrode assembly 220 shown in Fig. HAmayalso 
20 i ncludeatrailingelectrode245downstreamofeachsecondelectrode242.Eacn 

245 is in-line with the second electrode so as not to interfere with airflow past the second electrode 
242. Each trailing electrode 245 is preferably located a distance downstream of each second 
electrode 242 equal to at least three times the width W ofthe second electrode 242. It is within 
the scope ofthe present invention for the trailing electrode to by located at other distances 
downstream. The diameter of the trailing anode 245 is preferably no greater than the width W of 
the second electrode 242 to limit the im^^ 
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242. 



[0125] One aspect of the trailing electrode 245 is to direct the air trailing off the second 

electrode 242 and provide a more laminar flow of air exiting the outlet 260. Another aspect of the 

trailing electrode 245 is to neutralize the positive ions generated by the first array 230 and collect 

5 particles within the airflow. As shown in Fig. 11 C, each trailing electrode 245 is electrically 

connected to a second electrode 242 by a conductor 248. Thus, the trailing electrode 245 is 

negatively charged, and serves as a collecting surface, similar to the second electrode 242, attracts 

thepositivelychargedparticlesinmeairflow.Aspreviouslydescribed,m^ 

trailingelectrode245alsoemitsnegativeionstoneutralizethepositiveionsemittedbythe first 
10 electrodes 232. 

10126] Fig. 1 IDilluslratesthatapairofthird focus electrodes 224 maybe located upstream 
ofeachfustelectrode232.Forexample,thethirdfocuselectrode224a2isupstreamofm^ 
focus electrode 224al so that the third focus electrodes 224al, 224a2 are in-line and 
symmetricallyalignedwitheachotheralongextensionlineA. Similarly, the third focus electrode 
224b2ismlineandsynunetricallyahgnedwimme^ 

B. As previously described, preferably only the third focus electrodes 224al, 224bl are 
electrically connected to the high voltage generator 170, while the third focus electrodes 224a2, 
224b2 have a floating potential. It is within the spirit and scope of the present invention to 
electrically connect all, or none, of the third focus electrodes to the high voltage generator 170. 

ElecfrodeAssembliesWithSecondCol^ Figs 
11E-11F 

[0127] Fig. 1 IE illustrates another embodiment of the electrode assembly 220 with an 
interstitial electrode 246. In this embodiment, the interstitial electrode 246islocated midway 
between the second electrodes 242. For example, the interstitial electrode 246a is located midway 
between the second electrodes 242-1, 242-2, while the interstitial electrode 246b is located 
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midway between second electrodes 242-2, 242-3. Preferably, the interstitial electrode 246a, 
246bareelectrically connected to the first electrodes 232, and generate an electrical field with the 
sa m epositiveornegativechargeasthefirstelectrodes232. The interstitial electrode 246 and the 
first electrode 232 then have the same polarity. Accordingly, particles traveling toward the 
5 interstitial electrode 246 will be repelled by the interstitial electrode 246 towards the second 
electrodes 242. Alternatively, the interstitial electrodes can have a floating potential or be 
grounded. 

[0128J Iti stobeunderstoodthatinterstitialelectrodes246a,246bmayalsobecloserto 
one second collector electrode than to the other. Also, the interstitial electrodes 246a, 246b are 

10 P refer ablylocatedsubstantiallynearorattheprotectiveend241orendsofthe 

asdepictedinFig.HR Still further the interstitial electrode can be substantially located along a 
line between the two trailing portions or ends ofthe second electrodes. These rear positions are 
preferred as the interstitial electrodes can cause the positively charged particle to deflect towards 
the trailingsides 244 alongthe entire lengthofthenegativelycharged second collectorelectrode 

15 242, in order for the second collector electrode 242 to collect more particles from the airflow. 
[0129] Stillfurmer,theinterstitialelectrodes246a,246bca^ 

trailing side 244 ofthe second collector electrodes 244. However, the closer the interstitial 
electrodes 246a, 246b get to the nose 246 ofthe second electrode 242, generally the less 
effectiveinterctiti^ 

20 entire length the second electrodes 242. Preferably, the interstitial electrodes 246a, 246b are wile- 
shaped and smaller or substantially smaller in diameter than the width "W" ofthe second collector 
electrodes 242. For example, the interstitial electrodes can have a diameter of, the same as, or on 
theorder,ofthediameterofthefirstelectrodes. For example, the interstitial electrodes can have 
a diameter of one-sixteenth of an inch. Also, the diameter ofthe interstitial electrodes 246a, 246b 

25 issu bstantiallylessthanthedistancebetweensecondcollectorelectrodes,as 

Further the interstitial electrode can have a length ordiameter in the downstream direction that is 
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substantiallyless than the length ofthe second electrode in the downstream direction. The reason 

for thissizeoftheinterstitialelectrode S 246a,246bisso that the interstitial electrodes 246a, 246b 

have a minimal effect on the airflow rate exiting the device 100 or 200. 

[0130] Fig. 1 lFillustratesthattheelectrodeassembly220inFig. 1 IE can include a pair of 

third electrodes224upstreamof each fii^t electrode 232. As previously described, the pair of M 

electrodes 224 areprefmblym-lme and synometrically aligned wim each o^ 

third electrode 224a2 is in-line and symmetrically aligned with the third electrode 224al along 

extension line A. Extension line A preferably extends from the middle ofthe nose 246 ofthe 

secondelectrode242-2throughmecenterofmefustelectrode232-l.Asprev^ 

in apreferred embodiment, only the third electrodes 224alT, 224bl are electrically connected to 

thehigh voltage generatorlTO. In Fig. 11 F, a plurality ofinterstitial electrode 296a and 246b are 

locatedbetweenmesecondelec^ 

have a potential gradient with an increasing voltage potential on each successive interstitial 
electrodeinthedownstreamdirectionin order to urge particles toward the second electrodes. In 
tWssituationmevoltageonme^ 
first electrode 232. 



Electrode Assembly With an Enha nced First F.mitte r Electrode T^inp 
Figs. 12A-12P 

20 [0131] ™epreviouslydesOTbedemb(x^ 

arrayofelectrodes230havingatleastonewire-shapedelectrode232.Itiswiminthescopeof 

mepresentmventionformefirstarrayofelectrode^ 

shapes and configurations. 

[0132] Fig. 12Aillustratesthatthefirstarrayofelectrodes230may^ curvedwire- 
25 shaped electrodes 252. The curved wire-shaped electrode 252 is an ion emitting surface and 
generates an electric field similar to the previously described wire-shaped electrodes 232. Also 
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similar toprevious embodiments, each second electrode 242 is "downstream," and each third focus 
electrode224is'hipstrea J n;'tothecurvedwire-shapedelectrodes252. The electrical properties 
and chaxacteristicsofthesecond electrode 242and the tWrd focus electrc<le 224 are similar to the 
previously described embodiment shown in Fig. 5 A. It is to be understood that an alternative 
emk>dimentofFigJ2Acanex^^ 
invention. 

[0133] As shown in Fig. 1 2A, positive ions are generated and emitted by the first electrode 
252. In general, the quantity of negative ions generated and emitted by the first electrode is 
proportional to the surface area of the first electrode. The height Z 1 of the first electrode 252 is 
equal to the heightZl ofthepreviously disclosed wire-shaped electrode 232. However, the total 
lengthoftheelectrode 252 isgreaterthan the total length ofthe electrode 232. By way of example 
only, and in a preferred embodiment, if the electrode 252 was straightened out the curved or slack 
wireelectrode252isl5-30% longer than a rod or wire-shaped electrode 232. The electrode 252 

isallowedtobesIacktoacWevetheshorterheightZl.Whenawireisheldslack,thewiremay 
formacurvedshapesimilartothefirstelectrode252showninFig. 12A. The greater total length 
oftheelectrode 252 translates to a larger surface area than the wire-shaped electrode 232. Thus, 
theelectrode 252 will generate and emit more ions than theelectrode 232. Ions emitted by the first 
electaxieairayattachtofoep^ The charged particulate matter 

isattractedto,andcollectedby,theoppositelychargedsecondcollectorelectrodes242. Since 
the electrodes 252 generate and emit more ions than the previously described electrodes 232, 
more particulate matter will be removed from the airflow. 
[0134] ^-^Billustratesthattoefi^ 

shaped electrodes 254. Each flat coil wire-shaped electrode 254 also has a larger surface area 
thanthepreviouslydisclo^ 

254 was straightenedout,theelectrode254 will have a total length that is preferably 10% longer 
than theelectrode 232. Since the height of the electrode 254 remains at Zl, the electrode 254 has 
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a "kinked" configuration as shown in Fig. 1 2B. This greater length translates to a larger surface 
area of the electrode 254 than the surface area of the electrode 232. Accordingly, the electrode 
254 will generate and emit a greater number of ions than electrode 232. It is to beunderstood that 
an alternative embodiment ofFig. 1 2B can exclude the focus electrodes and be within the spirit and 
5 scope of the invention. 

101 35] Fig. 1 2C illustrates that the first array of electrodes 230 may also include coiled 
wire-shaped electrodes 256. Again, the height Zl of the electrodes 256 is similar to the height Zl 
of the previously described electrodes 232. However, the total length of the electrodes 256 is 
greater than the total length of the electrodes 232. In a preferred embodiment, if the coiled 

10 electrode 256 was straightened outthe electrodes 256 will have atotal length two to three times 
longer than the wire-shaped electrodes 232. Thus, the electrodes 256 have a larger surface area 
than the electrodes 232, and generate and emit more ions than the first electrodes 232. The 
diameter of the wire that is coiled to produce the electrode 256 is similar to the diameter of the 
electrode232. Thediameteroftheelectrode256itselfispreferably 1 -3mm, but can be smaller 

15 ina ccordancewimmediameteroffirstemitterelectrode232.Thediameterofth^ 

shall remain small enough so that the electrode 256 has a high emissivity and is an ion emitting 
surface. It is to be understood that an alternative embodiment of Fig. 1 2C can exclude the focus 
electrodes and be within the spirit and scope of the invention. 

[0136J Theelectrodes252,254and256showninFigs. 12A-12Cmaybeincorporatedinto 
any of the electrode assembly 220 configurations previously disclosed in this application. 
10137} The foregoing description of the preferred embodiments of the present invention has 
been provided for the purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to theprecise forms disclosed. Many modifications and variations will be 
apparent to the practitioner skilled in the art. Modifications and variations maybe made to the 
disclosed embodiments wimout departing from the subject and spirit ofthe invention as defined by 
the following claims. Embodiments were chosen and described in order to best describe the 
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principles of the invention and its practical application, thereby enabling others skilled in the art to 
understand the invention, the various embodiments and with various modifications that are suited 
to the particular use contemplated. It is intended that the scope of the invention be defined by the 
following claims and their equivalents. 
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We claim: 

5 

1 ■ An ion generator comprising: 
a first electrode; 
a second electrode; 

a voltage generator electrically coupled to the first electrode and the second electrode 
10 orde ^ w henenergized,tocreateaflowo^ 
to the second electrode; 

a trailing electrode located downstream of the second electrode. 

2. The generator of claim 1 wherein said trailing electrode and said second electrode are 
15 electrically connected. 

3. The generator of claim 1 wherein said trailing electrode and said second electrode have 
the same sign potential when said voltage generator is energized. 



4. Thegeneratorofclaim 1 that can charge and remove particles from air, wherein said 
second electrode is a collector electrode that can collect charged particles and said trailing 
electrode can collect charged particles. 



5. Thegeneratorofclaim 1 wherein said first electrode emits ions when said voltage generator 
25 is energized, and wherein said trailing electrode can neutralize the ions emitted by said first 
electrode. 
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6. The generator of claim 1 wherein said first electrode emits positive ions when said voltage 
generator is energized, and wherein said trailing electrode can neutralize the positive ions emitted 
by said first electrode by emitting negative ions. 



5 7. The generator of claim 1 wherein said trailing electrode is pointed. 

8. The generator of claim 1 wherein said trailing electrode is triangle is shape. 

9. The generator of claim 1 wherein said second electrode is removable by a 



10 



user. 



1 0. The generator of claim 1 wherein said second electrode is removable by a user for 
cleaning. 

11. The generator of claim 1 wherein said generator is incorporated in a housing and with said 
1 5 housing comprises an electro-kinetic air transporter-conditioner. 

12. The generator of claim 1 wherein said second electrode is elongated and said trailing 
electrode is elongated to about the same length as the second electrode. 

20 13. The generator of claim 1 wherein said generator is incorporated in an elongated 
freestanclmghousmg and with said to 

14. The generator of claim 1 wherein said generator is incoiporated in a housing and with said 
housingcomprises an electro-kinetic air traiisporter-wnditioner and said housing has a top and said 
25 second electrode is removable from said top for cleaning. 
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15. The generator of cl aim 1 wherein : 

said generator is incorporated in an elongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is removable from said top of said housing. 

5 

1 6. The generator of claim 1 wherein: 

said generator is incorporated in an elongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is at least partially removable from said 
10 top of said housing. 

1 7. The generator of claim 1 wherein: 

said generator is incorporated in an elongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 
1 5 wherein said second electrode is elongated and is telescopingly removable through said 

top of said housing. 



18. The generator of claim 1 wherein: 

said second electrode is an elongated fin and said trailing electrode includes an elongated 
20 cylindrical column which is located downstream of one of said second electrode. 

1 9. The generator of claim 1 wherein: 

said second electrode is an elongated fin and said trailing electrode includes an elongated 
cylindrical column which is located directly downstream of said second electrode. 



25 



20. The generator of claim 1 wherein: 
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said second electrode includes two elongated fins and said trailing electrode includes an 
elongated cylindrical column which is located directly downstream of one of said two elongated 
fins so as to minimize any restriction to the flow of air past said second electrode. 

5 21. The generator of claim 1 wherein: 

said second electrode has a width along a direction across the downstream direction and 
said trailing electrode includes a width that is about the same as or less than the width of the second 
electrode. 

10 22. The generator of claim 1 wherein: 

said trailing electrode is directly downstream of said second electrode. 

23. The generator of claiml wherein: 

said second electrode is a fin that extends in the downstream direction and said trailing 
15 electrode is located directly downstream of said second electrode. 

24. The generator of claim 1 wherein said trailing electrode and said second electrode have 
the same sign potential when said voltage generator is energized in order to cause charged particles 
contained in a flow of air downstream from the first electrode to the second electrode to be urged 

20 toward the second electrode. 

25. The generator of claim 1 wherein said second electrode includes two electrodes and said 
trailing electrode is wire-shaped or rod-shaped and is located substantially midway between the 
two electrodes. 



25 



26. Thegeneratorof claim 1 wherein said second electrode has a width across the downstream 
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direction and said trailing electrode is located a distance of at least three times the width of the 
second electrode downstream of the second electrode. 



27. The generator of claim 1 including a plurality of trailing electrodes. 

5 

28. The generator of claim 1 wherein said first electrode is an ion emitter and the second 
electrode is a collector of particulate matter. 

29. The generator of claim 1 wherein said first electrode is positively charged and the second 
1 0 electrode is negatively charged. 



30. The generator of claim 22 wherein said first electrode is pin-shaped. 

31. An ion generator comprising: 
1 5 a first electrode; 

a second electrode; 

a voltage generator electrically coupled to the first electrode and the second electrode in 
order, when energized, to create a flow of air in a downstream direction from the first electrode 
to the second electrode; 

20 third means located downstream of the second electrode for at least one of ( 1 ) causing 

charged particles to deflect toward the second electrode, (2) emitting ions that are of a different 
potential sign as the first electrode, and (3) collecting charged particles. 

32. The generator of claim 3 1 wherein said third means and said second electrode are 
25 electrically connected. 
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33. The generator of claim 3 1 wherein said first electrode emits ions when said voltage 
generator is energized, and wherein said third means can neutralize the ions emitted by said first 



electrode. 



5 34. The generator of claim 3 1 wherein said first electrode emits positive ions when said voltage 
generatoris energized, andwherein said third means can neutralize the positive ions emitted by 
said first electrode by emitting negative ions. 



10 



35. The generator of claim3 1 wherein said third means is pointed. 

36. The generator of claim 3 1 wherein said third means is triangle in shape. 

37. The generator of claim 3 1 wherein said second electrode is removable by 



a user. 



15 38. The generator of claim 31 wherein said second electrode is removable by a user for 
cleaning. 

39. Thegeneratorofclaim31 wherein said generatoris incorporated in a housing and with said 
housing comprises an electro-kinetic air transporter-conditioner. 



20 



40. Thegeneratorofclaim31whereinsaidsecondelectrodeis elongated andsaidthird 
means includes a trailing electrode that is elongated to about the same length as the second 



electrode. 



25 41. The generator of claim 31 wherein said generator is incorporated in an elongated 
freestandmghousmgandwims^ 
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42. ThegHieratorofclaim31whe^ 

said housing comprises an electro-kinetic air transporter-conditioner and 
and said second electrode is removable from said top for cleaning. 

43. The generator of claim 3 1 wherein: 

saidgeneratorisincorporated in anelongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is removable from said top of said housing. 

44. The generator of claim 3 1 wherein: 

saidgeneratorisincorporated in anelongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is at least partially removable from said 
top of said housing. 



45. The generator of claim 3 1 wherein: 

saidgeneratoris incorporated in an elongated freestanding housing with a top and with 
said housing comprises an electro-kinetic air transporter-conditioner; and 

wheremsaidsecondelectrodeiselongatedandistelescopmgly^ 
20 of said housing. 

46. The generator of claim 3 1 wherein: 

said second electrode is an elongated fins and said third means includes an elongated 
cylindrical column which is located downstream of one of said second electrode. 

25 

47. The generator of claim 3 1 wherein: 
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said second electrode is an elongated fin and said third means includes an elongated 
cylindrical column which is located directly downstream of said second electrode. 

48. The generator of claim 3 1 wherein: 

said second electrode includes two elongated fins and said third means includes an 
elongated cylindrical column which is located directly downstream of one of said two second 
electrode so as to minimize any restriction to the flow of air past said second electrode. 



49. The generator of claim 3 1 wherein: 

10 said second electrode has a width along a direction across the downstream direction and 

said trailing electrode includes a width that is about the same as or less than the width of the second 
electrode. 

50. The generator of claim 49 wherein: 

1 5 said third mea ns is directly downstream of said second electrode. 

5 1 . The generator of claim3 1 wherein: 

said second electrode is a fin that extends in the downstream direction and said thiid means 
is located directly downstream of said second electrode. 



20 



25 



52. Thegeneratorofclaim31whereinsaidthirdmeansandsaidsecondelectrodehavethe 
samesign potential when said voltage generatoris energized in order to cause charged particles 
contained inaflowofair downstream from the firstelectrode to the second electrode to be urged 
toward the second electrode. 

53. Thegeneratorof claim 31 wherein said second electrode includes two electrodes and said 
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third means is wire-shaped or rod-shaped and is located substantially midway between the two 
electrodes. 



54. The generator of claim 3 1 wherein said second electrode has a width across the 
5 do ^streamdirectionandsaid^ 

of the second electrode downstream of the second electrode. 

55. The generator of claim 3 1 wherein said first electrode is an ion emitter and the second 
electrode is a collector of particulate matter. 



10 



15 



20 



56. Thegeneratorof claim 31 wherein said first electrode is positively charged andthesecond 
electrode is negatively charged. 



57. 



The generator of claim 31 wherein said first electrode is pin-shaped. 



58. A device for conditioning air including 

a housing with an air inlet and an air outlet 
a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 
said second electrode located closer to said air outlet than said first electrode; 
apotential generator electrically coupled to the first electrode and the second electrode in 
order, when energized, to create a flow ofair in a downstream direction from the first electrode 
to the second electrode; and 

25 a filing electrode located downstream of the second electrode. 



Attorney Docket No.: SHPR-01041USM SRM/SDS 
ssanford/wp/shpt/1 04 1/ 1 04 1 USM/1 04 1 usM.application.wpd 



Express Mail No.: EL670725405US 



10 



15 



20 



-50- 

59. A device for conditioning air including 

a housing with an air inlet and an air outlet 
a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 

said second electrode located closer to said air outlet than said first electrode; 

a potential generator electrically coupled to the first electrode and the second electrode in 
order, when energized, to create a flow of air in a downstream direction from the first electrode 
to the second electrode; and 

third means located downstream of the second electrode for at least one of ( 1 ) causing 
chargedparticlestodeflect toward the second electrode, (2) emitting ions that are of a different 
potential sign as the first electrode, and (3) collecting charged particles. 

60. A method for conditioning air comprising the steps of: 

generating an electrical potential between a first electrode and a second electrode in order 

tocreateaflowofairinadownstreamdirectionfromthefirstelectrodetothesecondelectrode 
and to ionize particulate matter in the air flow; and 

downstream of said second electrode having at least one of the following steps of (1) 
causing charged particles to deflect toward the second electrode, (2) emitting ions that are of a 
different potential sign as the first electrode, and (3) collecting charged particles. 



61. Anelectro-kineticairtransporter-conditionerhavmganiongeneratord^ 
housinghavingan inlet and anoutlet, that creates an airflow m a downslie^iiirection from the inlet 
to the outlet, the ion generator comprising: 
25 a first electrode; 

a second electrode downstream of the first electrode; 
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a trailing electrode downstream of the first electrode; and 

a voltage generator electrically coupled with the first and second electrode. 



62. Thegeneratorasrecitedincto^ 

5 that has at least one characteristic from a group consisting of (i) a rod-shaped wire, (ii) a spiral coil 
wire, (iii) a curved wire, (iv) a flat spiral wire, (v) slack wire and (vi) a tapered pin-shaped 
electrode. 

63. The generator as recited in claim 61 , wherein the second electrode has at least two 
1 0 electrodes having at least one characteristic from a group consisting of (i) a U-shaped cross- 
section, (ii) an L-shaped cross-section, and (iii) a ring-shaped. 

64. Thegeneratorasredtedmcla^^ 
electrode. 

15 

65. Thegene ra torasrecitedinclaim63,whereinthesecondelectrodehasaU-shapedcross- 
section and a protective end forward with said second electrode. 

66. The generator as recited in claim 63, wherein the trailing electrode and the second 
20 electrode are electrically connected. 

67. Theiongeneratorasrecitedincla^ 
connected to the trailing electrode. 

25 68. Anelectro-kinetica^ 

housmghavmganiiuetandanoutlet,uiatcreatesanairflowm 
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to the outlet, the ion generator comprising: 
a first electrode; 

a second electrode having a protective end, located downstream of said first 



electrode; 

5 

electrode. 



a trailing electrode located downstream to said second electrode; and 
avoltagegeneratorelectrically coupled with said first electrode and said second 



10 



15 



20 



25 



69. Anelectro-kineticairtransporter-conditionerhavinganiongeneratordisposedwim^ 
housinghavinganinletand an outlet, mat creates an aMowm a dowmtream direction fix>m the 
to the outlet, the ion generator comprising: 

a first array of electrodes, including at least two electrodes; 
a second array of electrodes located downstream of said first array, including at least 
three electrodes, each said electrode having a protective end; 

atrailingelectrodelocateddownstreamofeachsaidelectrode in said second array, 



and 



a voltage generator electrically coupled with the first and second 



array. 



70 



An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and outlet; and 

anion generator disposed withm the housing, that creates an airflow in a downstream 
direction from said inlet to said outlet, including: 
a first array of electrodes; 

asecond array of electrodes located downstream ofsaid first array of electrodes; 
an array of trailing electrodes located downstream to said second array of 

electrodes; and 
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a voltage generator electrically coupled with said first and second array of 

electrodes. 



71. An electro-kinetic air transporter-conditioner for removing particles from the air, 
comprising: 

a housing having an inlet and an outlet; and 

an ion generator disposed within said housing, that creates an airflow 
downstream direction from said inlet to said outlet, including: 
a first electrode; 

a second electrode located downstream of said first electrode; 
a voltage generator electrically coupled with said first and second electrode; and 
n^eansforurgingtheparticles towards thesecondelectrode, located downstream 



m a 



of the second electrode 

'5 72. ^^^cm a!a ^^^ l ^ wjmg ^ t ^ ga ^ 
comprising: 

a first array of electrodes; 

asecondarrayofelectrodesmcluchngatleasttwoelec^ 
ofsaidfirstarrayofelectrod^eachsaidelectrodehavmgan^ 
20 downstream from said nose, and a protective end; 

anarmyoftrailinge^ 

and 

avoltagegenemtore^^ 
and said trailing electrodes. 



73. An electro-kinetic air conditioner-transporter for 



removing particles within the air, 
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comprising: 

a housing having an inlet and an outlet; and 

an ion generator disposed within saidhousing, that creates an airflow containing 
particles in a downstream direction from said inlet to said outlet, including: 
a high voltage generator; 

a first array of ion emitting electrodes, electrically connected to said high voltage 
generator, for elecmcallyc^^ 
is energized; 

a second array of ion collecting electrodes, electrically connected to said high 
voltagegeneratorjocateddownstreamofsaidfirstarrayofel^ 

field with an opposite polarity to said first array ofelectrodes when said Wgh voltage generator 
energized, so that the charged particles are attracted to said second array of electrodes; 

an array of trailing electrodes, electrically connected to said high voltage generator, 
located downstream of said second array of electrodes, and having the same polarity as said 
second array of electrodes when said high voltage generator is energized. 



74. A device for conditioning air, comprising: 

a housing having an inlet and an outlet; and 

an ion generator disposed with said housing, that creates an airflow containing 
particles in a downstream direction from said inlet to said outlet, including: 
a first electrode; 

asecond electrode, havinganose and two trailingsides extending in a downstream 

directionawayfromsaidnose,saidtrailing S idesareadi S tance apart substantiallyequaltothe 
width of said nose; 

a trailing electrode located downstream from said second electrode, having a 
diameter no greater than the distance between said trailing sides of said second electrode; 
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ahigh voltage generator electrically connected to said first electrode, said second 

electrode. 



75. Adeviceasrecitedinclaim74,whereinsaidhighvoltagegeneratoris&rth 
5 connected to said trailing electrode. 

76. Adeviceasrecitedinclaim74,whereinsai^ 

an opposite polarity when said high voltage generator is energized. 

10 77. Adeviceasrecitedinclaim75,whereinsaidtrailingelectrodeandsaidsecondelectrode 
have the same polarity when said high voltage generator is energized. 

78. Adeviceasrecitedmclaim76,wherem 
theparticlescontamedwitofteaMow,^ 

1 5 particles. 

79. A device as recited in claim 74, wherein said trailing electrode is wire-shaped or rod- 
shaped. 

20 80. Adeviceasrecitedinclaim75,whereinsaidtrailingelectrodeemitsionsofanopposite 
polarity to said first electrode, for neutralizing the ions emitted from said first electrode. 

81. Adeviceasrecitedmclaim74,wh^ 
aligned with said second electrode. 

25 

82. Adeviceasreritedmclaim74, W 
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said second electrode a distance substantially equal to three times the radius of said nose. 

83. The ion generator ofclaim 1 wherein said second electrode is elongated and has abase, 
and said trailing electrode is located at the base of the elongated second electrode. 

5 

84. The ion generator of claim 1 wherein said second electrode is elongated and said trailing 
electrode has a pointed shape. 

85. The ion generator of claim 1 wherein said second electrode is elongated and fin- shaped 
1 0 and has a base, and said trailing electrode has a pointed shape and is located at the base of the 

second electrode. 

86. The ion generator ofclaim 1 wherein said first and second electrodes are elongated and 
said trailing electrode is substantially shorter than the first and the second electrodes. 

15 

87. The ion generator of claim 1 wherein said second electrode is elongated and said trailing 
electrode is triangle-shaped. 

88. The ion generator ofclaim 1 wherein said second electrode is elongated and has abase 
20 and said trailing electrode is triangle-shaped and located at the base of the second electrode. 

89. The ion generator of claim 3 1 wherein said second electrode is elongated and said third 
means has a pointed shape. 

25 90. The ion generator ofclaim 3 1 wherein said second electrode is elongated and fin-shaped 
and has a base, and said third means has apointed shape and is located at thebase of the second 

Attorney Docket No.: SHPR-01041USM SRM/SDS 

ssa„ford/w P /shp r / 1 04,/,04,USM/.04. usM .app,ica,io„.wp d Express Mail No, EL670725405US 



electrode. 



-57- 



91. The ion generator of claim 3 1 wherein said first and second electrodes are elongated and 
said third means is substantially shorter than the first and the second electrodes. 

5 

92. The ion generator of claim 3 1 wherein said second electrode is elongated and said third 
means is triangle shaped. 

93. r The ion generator of claim 58 wherein said second electrode is elongated and has abase, 
1 0 and said trailing electrode is located at the base of the elongated second electrode. 

94. The ion generator of claim 58 wherein said second electrode is elongated and said trailing 
electrode has a pointed shape. 

15 95. The ion generator of claim 58 wherein said second electrode is elongated and fin shaped 
and has abase, and said trailing electrode has a pointed shape and is located at the base of the 
second electrode. 



96. The ion generator of claim 58 wherein said first and second electrodes are elongated and 
20 said trailing electrode is substantially shorter than the first and the second electrodes. 

97. The ion generator of claim 58 wherein said second electrode is elongated and said trailing 
electrode is triangle shaped. 



25 



98. The ion generator of claim 58 wherein said second electrode is elongated andhas abase 
and said trailing electrode is triangle shaped and located at the base of the second electrode. 
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99. The ion generator of claim 1 wherein said trailing electrode is formed with the second 
electrode. 

100. Theiongeneratorof claim 1 wherein said trailing electrode is hollow and is fonnedwith 
5 the second electrode. 



101. Theiongeneratorof claim 1 wherein said trailing electrode is hollow and continues from 
the second electrode. 
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Abstract 



[0138] An electro-kinetic air conditioner for removing particulates from the air creates an 
airflowusingnomovingparts. The conditioner includes an ion generator that has an electrode 
5 ^ sem b 1 yincludingafirstarrayofemitterelectrodes ) asecondarrayofcollecto^ 

ahigh voltage generator. Preferably, a third or leading or focus electrode is located upstream of 
the first array of emitter electrodes, and/or atrailing electrode is located downstream of the second 
arrayofcollector electrodes. Thedevicecan also include an interstitial electrode located between 
collector electnxles f .an enhanced collector electrode wim an integrally formed trailing end, and an 
10 enhanced emitter electrode with an enhanced length in order to increase emissivity. 



Attorney Docket No.: SHPR-01041USM SRM/SDS 
ssanforcVwp/shpr/104l/1041USM/1041usM.app)ication.wpd 



Express Mail No.: EL670725405US 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DEVJCF C WITH TRAILING ELECTRODE 
Docket No.: SI )1041USM Inventors: Charles E. Taylor, et al. 
Appl. No.: UtL_. »wn Attorney: Sheldon R. Meyer 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 1 of 32 



10 



20 



20 



20 



10 



20 



-0 



20 




o. 



O- 



(PRIOR ART) 

FIG. - 1A 




o 3 




30 



60 < 



60 



Or 



30 



PULSE GENERATOR 



O- 



O- 



(PRIOR ART) 

FIG. - IB 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITION FR 

DEVICES WITH TRAILING ELECTRODE 
Ann!** fHPR-0l041USM Inventors: Charles E. T: etal. 

r^^M,- n n S 0Wn A ttomey: Sheldon R. M., „- 

Confirm No.. Unknown Phone: (415)362-3800 

^ed. Herewith Express Mail No.: EL 670 725 405 US 

Sheet 2 of 32 




FIG. - 2A 



FIG. - 2B 



Title: ELECTR0-KJNET1C AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket No.: TR-01 04 1 USM Inventors: Charles E. Taylor, e 
Appl.No.: .iknown Attorney: Sheldon R. Meyer 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 3 of 32 




CO 
I 

U 
i— i 

fx, 



TiUe: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket N- SHPR-01041USM Inventors: Charles E. Tayl ■ al 
r£ P r H n 1 kn0Wn Attorney: Sheldon R. Me> 

Confirm No.: Unknown Phone: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 4 of 32 



Filed: 



220 




HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 4A 



Title: 



Docket No. 
Appl. No.: 
Confirm No.: 
Filed: 



ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



IPR-01 04 1 USM Inventors: Charles E. Taylor, e 
.iknofwn Attorney: Sheldon R. Meyer 

Unknown Phone; (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 5 of 32 




— U~ 
0 



CM 
CO 
CNJ 



0 



0 




CO 
CM 

l 



PQ 
i 

d 
i — i 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITONFR 
DEVICES WITH TRAILING ELECTRODE LUNU,TONER 
: SHPR-01041USM Inventors: Charles E. or et al 
Unknown Attorney: Sheldon R. ■ .yer 

Phone: (415)362-3800 
Express Mail No.: EL 670 725 405 US 
Sheet 6 of 32 



Doc J 
Appl. 

Confirm No. : Un known 



Filed: 



Herewith 



220 



230 




249 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 4C 



Title: 



Docket No. 
Appl No.: 
Confirm No 
Filed: 



ELECTRO-KJNETIC AIR TRANSPORTER-CON Dm ON FR 
DEVICES WITH TRAILING ELECTRODE LUNU,110NER 



'-IPR-0I041USM 
unknown 
Unknown 
Herewith 



Inventors: Charles E. Taylor, 
Attorney: Sheldon R Meyer 
Phone: (415) 362-3800 

Express Mail No.: EL 670 725 405 US 
Sheet 7 of 32 



CO 

O 



-2 



i 



CO 

O 



CO 



CO 

O 



CO 

O 



CO 

O 



CO 

O 



CM 




Q 
i 

u 

1—1 

ft 



Title: 



Docket ? 
Appl. Nl , 
Confirm No 
Filed: 



ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



et al. 



SHPR-01 04 1 USM Inventors: Charles E Ta- 
Unknown Attorney: Sheldon R. M, 

Unknown Phone: (4 1 5) 362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 8 of 32 




249 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 4E 



Title: ELECTR0-KJNET1C AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
J*' SWR-0104IUSM Inventors: Charles E. T etal 

rnnfi Unknown Attorney: Sheldon R. . r 

Confirm no.: Unknown Phone: (415)362-3800 

i-neo. Herewith Express Mail No.: EL 670 725 405 US 

Sheet 9 of 32 



220 




X1 



L1 



R1 



232 



230 240 



242 
R2 



170 



1 



L 
T 

Y2 



O, 




242 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 4F 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket > SHPR-01041USM Inventors: Charles E. Tav -tal. 

Appl. No. Unknown Attorney: Sheldon R. Mi 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 10 of 32 




PULSE GENERATOR 



FIG. - 5A - 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket No.: r PR-01041USM Inventors: Charles E. Taylor, e 
Appl. No.: iknown Attorney: Sheldon R. Meyer 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 11 of 32 








HI 


o 


O 




< 




VOLT 


GENEI 




SE 


X 


PUL 



CM t- 

O O 

CM CM 

CM CM 



Title: ELECTRO- KINETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket K SHPR-01 04 1 USM Inventors: Charles E Tay * al 
AppI.No Unknown Attorney: Sheldon R. Me 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheetl2of32 




" me: fcLbCi KO-KJNETIC AIR TRANSPORTER-CONDlTlONFi? 

DEVICES WITH TRAIUNG ELECTRODE ° NER 
Docket N SHPR-01041USM Inventors: Charles E. Taj , al 
Unknown Attorney: Sheldon R. Me, 

H^wT n h ° ne: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 13 of 32 



Appl. Nc 
Confirm No. 
Filed: 



220 



242-1 




HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 6B 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



?r, et al. 



Dockr m SHPR-01041USM Inventors: Charles E ~ 
Appl.. Unknown Attorney: Sheldon R. 

Phone: (415)362-3800 
Herewith Express Mail No.: EL 670 725 405 US 

Sheet 14 of 32 



Confirm No.: Unknown 
Filed: 



220 



224b1 
224b2 



224c1 
224c2 




HIGH VOLTAGE 
PULSE GENERATOR 



FIG.-6C " 



■I 



Title: ELECTRO-KJNETJC AIR TRANSPORTER-CONDITIONER 

HEVICES WITH TRAILING ELECTRODE 
DocketN SHPR-01041USM Inventors: Charles E Tay tal 
Appl.No.. Unknown Attorney: Sheldon R. Me, 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 15 of 32 




2 srssr™ 

A^M ' , S "P R - 0104 "JSM Inventors: Charles E. T et al 
c£nW.>J„ n ^ 0 *" Attorney: Sheldon R. fc. er 

Conftn.No.. UnWn p hone: (415)362-3800 

Herew.0, Express Mail No.: EL 670 725 405 US 

Sheet 16 of 32 




FIG. - 7 A 



Title: 



Docket N 
Appl. No.. 
Confirm No.: 
Filed: 



ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



SHPR-01O41USM Inventors: Charles E. Tay 7 al. 
Unknown Attorney: Sheldon R. Mev, 

Unknown Phone: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 17 of 32 



220 



B 



224b 




249 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 7B 



i iue: 



Docket h 
Appl. Nc 
Confirm No.: 
Filed: 



fct-fcC I KU-KJNb J HJ AJK J KANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



n al. 



SHPR-0I041USM Inventors: Charles E Ta- 
Unknown Attorney: Sheldon R. Mc 

Unknown Phone: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 18 of 32 



220 




-249 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 7C 



Title: 



224 



Docket 
Appl. Nc 
Confirm No. 
Filed: 



ELECTRO-KJNETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



SHPR-01041USM Inventors: Charles E. Ti eta! 
Unknown Attorney: Sheldon It Mt , „r 

Unknown Phone: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheetl9of32 





OUT 



242 



HIGH VOLTAGE 
PULSE GENERATOR 



-249 



FIG. - 8A T 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



Docket I 
Appl. No.. 
Confirm No. 
Filed: 



SHPR-0 1 04 1 USM Inventors: Charles E. Ta- t al 
Unknown Attorney: Sheldon R. Me>^. 

Unknown Phone: (415) 362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 20 of 32 



220 



224 > 



224 




0 








O o 




o 




outX^ 




o 


°3 



HIGH VOLTAGE 
PULSE GENERATOR 



a. 



°3 
243 

-249 



FIG.-8B - 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONFR 

DEVICES WITH TRAILING ELECTRODE 
EriK f"P R -(»041USM Inventor,: Charles E. T- etal 

Confir^N. .?^ 0Wn At,0rn£ y- Sheldon R.K. ,- 

Confirm No.: Unknown P ho „e: (415)362-3800 

i->iea. Herewth Express Mail No.: EL 670 725 405 US 

Sheet 21 of 32 




PULSE GENERATOR 



FIG.-8C - 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



Docket 
Appl. Nv 
Confirm No. 
Filed: 



SHPR-01041USM Inventors: Charles E. T- et ah 
Unknown Attorney: Sheldon R. Nv .r 

Unknown Phone: (4 1 5) 362-3800 " 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 22 of 32 



^232'/^ X 
'/ -L&i$ x \ 240 




^3 




Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

OEVICES WITH TRAILING ELECTRODE 
Docket I SHPR-01 04 1 USM Inventors: Charles E. Ta »t al 

Appl.No Unknown Attorney: Sheldon R. Mt, 

Confirm No.: Unknown Phone: (415)362-3800 

I-iled: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 23 of 32 



220 





249 



HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 10A 



Title: 



ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



Docket Nf SHPR-01041USM Inventors: Charles E. Taylr al. 
Appl.No.: Unknown Attorney: Sheldon R. Mey^ 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 24 of 32 



220 



X2-* 



X1 



L1 




-R1 



232 



230 240 



170 



1 



HIGH VOLTAGE 
PULSE GENERATOR 




FIG. - 10B 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DFVICES WITH TRAILING ELECTRODE 
Docket No.: 3HPR-0I041USM Inventors: Charles E. Taylor 
Appl. No.: Unknown Attorney: Sheldon R. Meyei 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 25 of 32 




PULSE GENERATOR 



FIG. - 10C 



Title: ELECTRO-KJNETIC AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE JUNcX 

SHPR-0IQ4IUSM Inventors: Charles R 1 \etal 
Unknown Attorney: Sheldon R. lV, w er 

Unknown Phone: (415) 362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 26 of 32 



Docke 
Appl. No.. 
Confirm No. 
Filed: 



220 



224a2 



X2-** 



224a1 



X1 



232 




230 240 



170 



1 



HIGH VOLTAGE 
PULSE GENERATOR 



L1 




245 



245 



-249 



FIG. - 10D 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITION FR 

DEVICES WITH TRAILING ELECTRODE 
A^K fHPR-0I041USM Inventors: Charles E. T ,etal 

r™fi™w„ ,^ 0Wn Attorney: Sheldon R. \ r 

ConfirmNo.. Unsown p hone: (415)362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 27 of 32 



220 



**7 — X1 




242-1 



230 240 C 
232-1 ) \ 

Y2 

i 



242-2 



232-2 



242-3 



) 



J -241 



241 



241 



FIG. - 11A 



220 



242-3 

FIG. - 11B 



%~ 241 




Title: ELECTR0-KJNET1C AIR TRANSPORTER-CONDITIONER 
DEVICES WITH TRAILING ELECTRODE 



Doc? 
Appi. 

Confirm No. 
Filed: 



SHPR-01041USM Inventors: Charles E 'or, et al 
Unknown Attorney: Sheldon R. „yer 

Unknown Phone: (4 1 5) 362-3800 

Herewith Express Mail No.: EL 670 725 405 US 

Sheet 28 of 32 



220 



<i — X1 



224a 
224b 




T 

Y1 



230 240 C 



232-2 



242-1 




242-3 



FIG. - 11C 




FIG. - 11D 



Title: ELECTRO-KINETIC AJR TRANSPORTER-CONDITIONER 

OEV1CES WITH TRAILING ELECTRODE 
Docket SHPR-01041USM Inventors: Charles E. Ta etal. 

Appl. No.. Unlcnown Attorney: Sheldon R. M«. 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 29 of 32 




FIG. - HE 



220 



224a 1 



*f X1 




242-1 



230 240 




T 

Y1 



ic 232 v ^ 



246 o o o o 



T V 

- — 242-2 y ° ° 



232-2 



Y2 



o o 



246a 



246b 



242-3 



) 



3 



FIG. - 11F 



Title: ELECTRO-KJNETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket >' SHPR-01041USM Inventors: Charles E. Ta? tfal. 
Appl. No. Unknown Attorney: Sheldon R. Mc 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 30 of 32 



220 




\ \ OUTX^, 



B 



224a- 



224b 



252-1 





0 



0 



252 ^60 -V 



o °3 
0—60 



0 0 
o 

. o 



OUT 



O 



3 °3 




170 



1 



HIGH VOLTAGE 
PULSE GENERATOR 



-243 



-249 



FIG. - 12A - 



Title: ELECTRO-KJNET1C AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
Docket" SHPR-0104IUSM Inventors: Charles E. Tr etal. 

Appl. ' Unknown Attorney: Sheldon R. to . 

Confirm No.: Unknown Phone: (415)362-3800 

Filed: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 31 of 32 



220 



A - — 



B 



224 



224 




HIGH VOLTAGE 
PULSE GENERATOR 



FIG. - 12B 



Title: ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER 

DEVICES WITH TRAILING ELECTRODE 
F*** 1 * SHPR-0I041USM Inventors: Charles E. Tay 1 al 
AppLNo Unknown Attorney: Sheldon R. Mey 

LonlirmNo.: Unknown Phone: (415)362-3800 

Hied: Herewith Express Mail No.: EL 670 725 405 US 

Sheet 32 of 32 



220 




HIGH VOLTAGE 
PULSE GENERATOR 



FIG.-12C 4 



